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PREFACE 


This manual contains complete solutions for all 222 
exercises and 572 problems included in the book MICRO- 
ELECTRONIC CIRCUITS. For each chapter, the exercises' 
solutions are presented first and are followed by the 
problems' solutions. 

Communications concerning detected errors should be 

sent to A. Sedra, Department of Electrical Engineering, 
University of Toronto, Toronto, Ontario, Canada, M5S 1A4 


and, needless to say, will be greatly appreciated. 


Cuapter | - Exercises 


hote. Ue ao, ety ey at can be found 
Awect) “a iW) tegvatin the Sq vave Waveform 

é Over thd Wterua\ T, one pencod of +he wave 
of frequenc wW = 20/77 or, alternative l ; the senes 


reovesentation Can be ntegvated over The same 
Wwterva\ > tWot is = at 


a5, (w+ Vy 4 VE + -- ZR 2 
or P= Vaasa pal Mae (Smuts 35in3wl+ Yesmswts-) at 
=(4V Jat 
> Su 


TR (sinwt + '/3sin wtsinsut + Vo smut smsuts -- 


+ Yas wt sinsut +e sim wt 
+ Yissmautsmsut+ - -—- 
2 + Vssinwt sinSwt+-- 


+ Vz cos2wt + Vz cosuwt 
xy + Us cosawt + Vis cosgwt + -- ~)ét 
How since us Cosmwtdt so - 
Pe ae (sin turk: + Yq Sun *3wt + as Sin “Swit + --)dt 


ee 7 Thr 33 Ve 
= one VR + He + S/e ote Beh 
= P foes. eee hanes QED 
Note that the Energy available wa waveform ih an imterval 
ee load R wS~’ proportional to vee 
- he Squave wave for, R= Ve VER dt oe 
Ya (Svat SL CWat 
Vet (V*/2 +V*172) = Vig 
Fo 2ach sme wave Component (29 Pr) having Apeak Vp, 
ever the same mtevva Pre Yo Joe, Smut )/dt 
(Vp \z 
: i R 
For the fundamental (harms) R= ss UR = 0.81VZA = 0.94 
Foy the fwst 3 haymomes Pe R+R+Ps = Pi tt +o+("/3)*)= 0.90 Ps 
Fov the fist Shayw ones P=PitPs4Ps=P (1 +Vos Y25) = 0-932 Ps 
Fev the fist thavmomesP=Pia~ +7 R (1 a4 hss aq) 0.949 Ps 
Fox the fwst VhawnonicsP =P) +--4 Pa=A I+ Yatles+faq + Jey )=0.959 Ps 
Note That 9o 7% of the Sqvave waves eney \s Ww +he 


ws* 3 Navmowies 5 Thar issim The fun nea acl aud the 
thivd, 


[o) \ 2 a A = Sampling Ponts 
samples 
2.5m5 J looYa +( =| +1 f+! 
— joo He 4+\-l4l 441 
Lasms zoo Hz - +1 4) +) +t +] 
0.625 ws —4oo Ho +L ah ehat el 


Sampling ata vate less than twice the frequacy of the information 
of ittevest €) ‘Ss called Undevsampling Ona e Aw Bigut 
to which 14 leads 15 called alrossmg . The curtcal Sampling 
Frequency (2 €) ‘1s called the Wy guist vate (or Frequency). 


The Amp) Liev opevates \meavly with a Fain of 
1000 until a level of +410 18° Vveached . Opevatio, 
\S Summoarized in the able - 


Feakto Peak veut \wN \OoomV “\mV joomV 1V 
ak input TOSuV tsouV +0,5wV t5omV tosy 

Peak output (potextal) +0.5mV t5dmV tO5 V £50 V * 500) 

Peak output Cactust) S05mV +5omV tO5V tio Vtioy 


Wwe hing 
The minimum Samplm frequency necessar 


fo the hah end of e baud~ is 2X 3400 - 8004, 
€ Max imiam adequate Sampling \ntevual 
‘is VWe8ou2 ov IU7 Ss. 

Tf im pvactite’ each sample fequives ldus 3 then 
The number of channels which can be handled must 
Mex evceed 147/10" Or 14.7. Thus the nHunber of 
Channels which can be implimented is 14. 


Cuarter |— Proerems 


-| | The saquave wave con be 
1.1 ¥: Jz volts eS iat are by the sevies 
ie LV Smit i "5 Sm3wt + 
T 
YsswmSat +-—.) 

where V=iovolts and we anf and £2 ike . 
The angus lav Fvequenc of the wave is W= anf = 6.28kvad/, 
The angulav Frequenca of the Furdametal is alse 6.28 krad/s 
The Amplitude of the fundamental is WV Ay = (20/2). 2.43 
Whe anelitude of the Second havmonic is o-ov © 
The Amplitude of The thivd harmonic is '3 that of the fund. 
The Thiva harmonic has the same phase ar the fundamental . 


A tokHz Sqvave Wave of amphtude V when passed 
Though a chamnel which cuts of € at Ib kHe 
is reduced to tts fundamental Compoment at 

WokKH2 whose Gmphtude is YVAP volts . — 

Renevgy avajable in a squave wave of awpiitude Vis Propor- 
tional” +o Vt while rhe enevgy of a Sine Wave of awmehtude 
WVAy \S Propornonal +o (ey Or On SV Sar anus 
the adul} descnbed peveeives Mo.81 ov 81 Fo, of the 


ava lable S\Gna\ energy C—— 


. es 

C3) For this System the levelofl uncertainty sto.g 7— 
whieh asa fraction of Full scale (ie q) ee 

1s O5/q xl0Oo or 5.64 Fo 5 Ard as a mau 


faction of the Smallest hon -zevo Sig nal ( C4 » o— 
6 OFS) xI90 ov SO % 


lims ( 
+lo erent The maximum output 1s t10V 
eta Output which foyv a gam of \900 
+10 
AS 


expanded Pe ey ee EST ee 
ew } ~10 sec, = (owl, Ove OLS CON 2e: 
ein Il ad Mput of wot (Peak ),a 
npieeke \eue\ of lowV is veached 
at an au Je of sin ave = 0.95793.) cowes Ponding +o 


Altice hier 0.573 /ab0 Nis Sram lig 2cs) 

ince for a high-speed amplifier the vesults Wave Vises 

IW onl Exar yit can be Seen as heavily Squave with 

Afuudamental of Peak Auphtude Yr(io) o12.73V. 
Thos the “ef€fLecrwve gam” 1S 12+73/) ov 12.73 


Cie) ay RMS Value of the ikhz Componen* with, 


amplitude \2.73 volts  12-73/f5 = 9-00V 
by UP to tokhe stheve ave Components at Sis 4 yakHz 
whose RMS values ave Ya, Ve, /7,'fa os large vesp, 
The RMS of the available hayvmons tS 


WAR Ua (/)*+ \/4 iv or 9.429 or 42.9% 


of the fundamental. This distortion accordingly has an 
RME value of 0.424% (4.00) oy S.8b6V 


2 z 
: Powev at the Speaker = Me = 74 =O,25\W 
2 1V ring 4 Sr 


The s ve smq through the channel consists 
es of eae daw nral Gy i Khe and the ard 
havmonie a+ 3kHz aud '/3 of the fundamental 


Amplitude + cs 
Enevgy \n a Squave wave of Amplitvde V << V 


Evevay in ItS Fundamental Component <n Ns o.31y> 
€ 4 ts thyd h rag (Sa hs At 2 
nergy wot iv av monic = Te 5 0.0% PR 
Votal Yecewwed ne y x O.81VI4 OCAVt oY 2.90V~ 
thet 1s 90% of thet transmitted 


The Modulation Index wm is 0-1 . Thus the 
V Side band amplhtude is Yom or 0.05 of the 
sv | .osy COvnev. The Sidebands awe at 2kHz above 
and below the Cawiey at join kHz 
“1lo12kh2z 


| L ook Hz 


1008 k Hz et Foe pr 
v nN 
ee oon ger 9” a 
15 2.0 5 2.06 25 KBs 


py ee ee a mee BS sg 

10 (le+Zo)425 = 34.55 
The minimum cycle time fov A io channel SyStem 1s 37.55 
Thus the maximum Channe | Sample vate is 


wt 


eo ov 


poles 
37.SMs a 26. 1kHz 


CHAPTER - Ex ERoloes 


ey MD re 7355 wheve Sata so lp =Ip [Ef ie odie 
Bux) te! eee Vp Ne nus Quis era 


And ie iarats 4 Zee 2S ee 


ions 
ond ip = Eu (ayes = 2shy Cu )- 690.8 wV 


lon’? 


Ce) Na delweved to lod = Sik. = (00 mW 


Power dvaun from de Supply = Power deliveved +o 
the load + Power La wn the amphfe 
= 100+20 =l20o wW 


De cuvvent dvawn fvom the Supply = (20 mw BN wear 
apa. too ars 
aren ! 3 “Us 
Oy ‘Of vi: ont? Y 5 1kag Ve AR = UE Neo sa: 
s De 
oe Wor Ys neeoen,. Cie 
Vo =TT as ov nope, =u Bar | yas sae 
ZO Ween Vo/ve ah ee 
ue Tas era iN teliz eZ Ks ; 
Sees eA. * 1200 = (200 XO.74 = qi2 
: & i a 
Zoleg 8/, = 54.2 4B 
Powev Qam iy aie a Oe x~*UNU = 6q2 = Pe ee 
lo log Pe/p, “= 10 log 3 = 28448 
Vo = “Bix RL = —teo » tka x tp | Nef = -50V/y 
Mais UY CRs + ivan = Cy 2 ki $ 


20leg\¥/y,\ = 34d8 
bofy = aay A iia ihe 


zo\0q|'*Zq\ = 4odB 
Fistanveto ks, Pe = Us lb 
Po/p; = Sa) BUA) BRR Re = eee 
lologP/p; = s4dB 

as 

5) ae Buy Rwy = Res i i ae 
TH Re FT 
ae " 


Wyctting a loop equation fe Loop Rees UN enc air +(@r Ju Re 
Thus 7x, = vq +(Bt)Re fom which 
Ri a ecb pa (4+: )Re ; 


T= Ims x fez V- = tooo Ha 5 w = anf = anxi0 ved/s 
ae We to vad /s PS My hel Vas to) = Io Ved /s 


Taw ree Wah = AES i d =—u45 ° and 
Fd ate Fain GLaANy gi aD 


Q8) Using the ike diidev vule « 


V y = jywcR 
Ni ay er: Vw 1+ jWwoR 
WVeAy i WER 
ya J \ + (weR)? 


+{oV Gll4 = 2-4k 


Dales ar cen 7 ” Tha #y Ip 


Wom the eink Boa ‘Crees 


~ Y- Vo Cit Sons eo ee) st \wA 
oe 2.4 +0.9 3.3 3.3 
Cat 
OK —t" Novtow y —} i ae 
1oK V.. 2mA Yea Vm 
Fvom the Seaplitled Cweurt? (2-1) mA 


Vm =(2-')5kn = 5V 


Q2I1D Rin ig iow) Tht Joo ke = 2,000 km = 2M2 
\ 


~0.95 
Cee To find hy and hay shov+ Siac Ce - 
Povr2: b 
hy 2% = Ve + (Var Nv Yun) ety 
= (00 ¢(z. si ileoH)'= 2.6k2 
Ur = T(t Ne) <i (zsk iio) =Tx2skn hu 91. 


and T, = ines, Sk 
From a hode €q ua lion ell U3)= Batra -U jf, 


= 
Thus Beh as = ES, = 100 =Yox.lin U 
Ur fa.sxie nee © or, 


TNs SEHK Mago eo do ee Open Cwesnt Port) WE Ve Vu ES 


Since T= =Oy VY; = Un 2 Using the Ae + 

Voltage dues yvule- We ys pau seca VY Us. <9 O) 
V Vir + Van ees : 
Thus bilge? ey = mS MM TS) e sai 

i ew 2Suc tio a 2asxio VV 


From SiN ae on Tion at ie BESS Veg + Wie as cn ty 
aS) ae - sacl Aas yd Thus t2=V%,, at habed me ee +a) 


Va = ve + gutret st. 4 Wok 42.58 
“wr + Vag 10 2-5 KloF +107 
BO” lol pantie 2.01 X ISS Zy 


tok Kc) —= —bdAB 
dc Fans mission = tok +ltokst ea 
\ 


J, Se ie ae ee es 318 ko 
£, = fal. Taenss. Bue NIMES 


tT\ = Tata s Thus \T(2mu2)} = Tay =,0185 —-22dB 


en High roe aa = 10o -—> Gas 


Ls = mls Pi) 
far <Znt 2M KO. tI” KH O:1415 PK 160 + (0 5.9 he 


‘ \ -Tee@yat ths hulle teeee 


Cao) 3x0 ers 3V 5 Vole+) =o 


a, 
Net) = 3 ~(shi6 \et 4 ‘where Selosve nena 


Waris Mar (kyle Ge erty 


Qe a: Petar ol Arey = 4V 5 Uo() =io8 


Ve (t) = = o-(0- “He oan mt Ou \evednor= “k= \o 1 iVeeet 
Thats Vo (+) = tigi € 


Le Zi 2.2 = 2.2 aes S rats =) SSue 
ely i (GS Si /i),, se Z21rx10" 
Peycent ee = Wx «100 wasn IE 6100 o Jets 
Buy oe 


COkm edn) os Creu 
Maes Cre tO ever oe e 2 AF 


C19) tndershoot = Decay tn pulse amp hftude 


= lo-102e Bigs (aaegennn = G6.32V 


CHAPTER 2 i PROBLEMS 


pk Segment WO: Incremental conductance Sh 
Seqment OX . Incremental conductance = 2 =tm\y 
; Sejmen tT XY vIncvemental cond. = at 

A / 5 


wes The current has a 


i Sifted = 4 triangul av form sith 
AN VmP peak to Peak 
Le NA eae ampltude and any 


(v) Ave rage value of O.SwA 


With a tk vesistance imsevted 


in series the characteristic 
of the combmation becomes : 


For which the avevage 
Cuvvent is O0.25m‘A 
Gud the Signa Current 
is O.5 wA P-P 


With no signal, the 


Current Wauefown Average cuvwvent 
Sees ass ls Zevo .- 


fi ae With a Avian gular 
ariel t | Lott p-p Signal, 
Us (v) the peak Current 
is O. Sw and 
+ the avevange current 1s 
Ve x V2 KOs 
Ecru ice RET AR 


| 
Voltage Sqna\ = 0.125 wh 
| ct (Vp-p) 


Cuvvent 
Wave Lor m 


VU (v) 


With no signal, and 
opevanon at or 
the avevage bias 
Curent 6 1. OmA, 

With a \V Pa 

Signal applied , the 
Pposixwe peak 
Curvent 1s GWA 

Gud ‘he megatwwe peak cuwent 1s O5SwA. The les © 

Cuvrent is found by eraluating the hatched area au 

aiding By =a? 


6.0 
Area = Te%' +loxaxs + Va*! 
me We, xe OF 


‘ 1.o 
ms TE Pi Voksen Fat pa OS 
Seg See a 


me 
Avevage curreny = 2:25 mA h, t 


24 For D hae aS Toe ey for Ts <10 "A Vr = 25 
For Ip = towA is loxnio © io” e Ye/25 
for which Vo = 25£Ln 19'> = 748.3 mV 
meGyentsl conductance CaN ae as fellows: 
eee OL, Pe : 
4 non \, th Ste, Eee mg € in i We 
Thus Vd = /5,, = ‘Wr = 25M on = 2-S.SL 


I 


1kR 
Input peak-to-peak Voltage = lOwV rag hoe. 
( mV 
Power delwered to load 
: Power dvawn fvom de suppl 


Io/1 = loom 
Power lost m Amp | fier J 


ISV x SA = 120 mW 
(Ys) For hie Unloaded Condihon : 


\20 - [00 = 20 mW 
Power dissipated ive amp lFiew equals the power 


wv 


noyen 


Avawn 4vom *he Supplies = I¢*\ +\5x\ = Bow 
For the loaded Condition ; 
ower dvawn fvom the Supphes = 15%1IO+ 15x10 =300mW 
Powty delivered to the load = jo*/\ = loowW 
Power dissipated wy the Amplifier = 300-00 = Zoo wW 


CLD RMS load voltage = tomV xioo = 1V 
Power delweved to the load = \*A kg = \ww 
Since The amplifier mput cuwent is zevo Vits 
power Qam IS inf nite 


rk SU 

' sr | OR a arian Nae aie 

mes vi ie: \OwV x 100 x To =0.5\) hrs 
1k The load Power = 


OS kg = 0.25 wW 


Vhe power lost a) the amp Ger = Poury dissipated In the 
amplifier input resistance + power Aissipated 14 amp- 


Output venstance = (io) + (05) no2s mW 
Power gain = Powev to load ~ whe = 2500 
Powev fvom Source wee 


0 
BH enENG Supply must provide at leas} the Powe lost 
\n The output and load vesistorS OF 0.25 40.25 = O.SomW 


10) Fou the divect¥ Comnection Ne) Sos 
Loudspeakey voltage = | x To+i0% ~ ie 
Loudspeaker Power ‘ =(loFs/in = Ilo W 
Source Power & VVinb& = 16 W: 


For an ideal un ain buffer » ry 
Louds peakev voltage Ee oe Loudseeaker Powe r= lo = O.1W 


Sahl” fe ML Pea 
5 Power gan = lo io & lo 


Vatrage Jaw =\ 4 Power gain iS Infimite Since the Cuvwe>t 
dvawa From The source by an ideal buffev is zevo. 


AD yr ce SEY og Ooner alts = 
yy Ch om aie era Mg (x t& =025y 
: 10410 


rea 
Ourout power = (25) No = 6-25 mW 
Vo \+09,¢ Jar = 0.25 


= 
Power from source = VY rin’ =Os5 x19 °W 
Power Garin = 6.25 In 73 = \2,\500 
©O.S x» io? 

Volta eg am = 20 | joo )6= 6 YWOdB 

Curvent gain = Zo legioco = 6048 

Ow er denn = 10 10 (1980 x1900 ) = Sods 
Seni Po = NoTe _ Vo x lo 

Pi Viti Wi RE 


ke 
ok Th ae a P, aviffo! | mW 


Pout = 07%, = (50M) = 2500\i 


: : be 
Fouev Gan = Pout A Soe “o> 25,900 
Powey Gan i. dB = 10 log 25000 = yy4udB 


214) ww lok lok tok 
+ 
“O wok FH Diew Pe Prove Al DiotF Ve 

g ue aOR ee ERE ede 

9 = x (9 x « tele) it V 

N, {00 + tooo 10040 i Wiens ok SITTER hs 6.83 Ay 

2ologVe\j, = 1b.7 48 

Vo) = Ox too x lox loo xo xX = 75,13 

\ Ts oO I 


20 log OA), = 37,5 a8 
These values differ because of ‘the loss Incurred im 
Coup lin the Source to the amp li fier. 
This Clip ling loss (6 37.5 -16.7 = 20.8 dB 
1 


{co 


Day 
mans Sos oy i LOG 1 
“TOF ‘8 ona Sy Vo, = 741 Be eotae M4 
$- xy Vs «Vi Vo I 
Jet i. Vi ov im dB zoleq /y =-|248 
> PR ees Z OS 


To/r Vo /io0n) = V Ae 4 
i= =e x 2x” = % 2xX/lo = S00 or 7HdB 
s$7 2M2) Vs 1900 hy 2 


P . ° = Ve ,+0 . ! =1250 which t4 AB Is 
5s Vr. : = Vs 7 a x Sooo 2 \ 
1o log nSo Ul CUB ds 


216 took 00.9. jook = 
i. + 7. lo 

1; — Te to F+10% 

a 1 ¢ ° . 


cp A hs Te = foo Er 


\ool; bloF +107 
hus to = Ioo( 1 years whence tof. = 49.8 ov nearly 4odaB 
fo +10% ask 
To Lind the voltage Jain stvans form the souvce = 
to its Theveniy equivalent + Vs= took, 4’ _ 
Voltage Jain of the loaded amphfier = 
is Vo/\J5 = to xX 100R _ aag =0.998 & 0.1 = —2048 


Ts x (ook 1900 
Vo Wage sau. of +e unloaded Ampl Fier 
's Vo Ay. = !00 Ti x wok XZ (00 ov HodB 
Ti =* (took +100 ) 


” 4 > Vi = AV) = 
2 a P40 Joa] a? 1 Vi (ook 
\g p wk f- Iwi Tiook Lick? vp = 9, Vi (took Il (ok) 


o 
or Vo = 19 v Tre Vs x ee 
Ths Vo/Vs = (00021 = 8.26 = 18-3 4B 


O18) wean, Example 2.2 Lye WA s tes 1OOmA 


From Fiq Z.1lb we see That ie =(2xi)ip 
Thus Ar) ='S0 “and = 49 . Seb. 
Using the velationshio fov HA devved in Ex 2.2 '€ res Atl, 
orfvom Fig 2ld 5 1e@ igs hig = 100 = le-ib= 99 
we See Prat o = 0.94 


Fov U6 = 2a y FvOm Fig 2.\b ; Ly = ae vou ves 
PEN Ase iat = = 2ER and from Fo 21d , ler ey, 


) 


Ye = be I Z2mV = 2onr aud Coen, Fra ZaiVG 5 bee de Ube, 
te IOQuA 
Se a OE = 44.5 Wh 
3. = /V 


I, —~) 
Frequency domain ne 


a \ : fov Zins 
\Y aA ray x Vi | 
ia = 7q, = Ne Ne eg 


But Vo ahh cee 9M /Y 
Mince) re ay eye tae Mae ie ase 
it Ss as Siw eue v6 


Thus Teas = Ate * G 
irae, fae hora) 
Theve fov e the equvalent eweurt seen looking into port 


\ fGousists of a inductance dined OU Mae Be 
G2 
H Ms es 
PE Bear Sa 
Ve = Aly Ru 
Pp = (00 = -100x ok X UL 
sWhus fo Arg, Sy SOOM IO AME a 90,4 Vip. Gv Wubiel 
Uy 
We b 
Zo low, | Ay.\ ~ 2.2 AaB 
The Cuwent Jan efi, =f 2190 = Ho As 
The Power GaN Vo(—i.) 
. Bo Gat cs) = 40.9 X100. = I0IO Gewhiet 
Vs Cin) 


A+ Mode e we have: 


he) log 90490 = 39.64B 
L +Piy +b =o 
Lyom which 


Za) Ang 
t= (pe) i, 


-, | Ro” = Aso Wes —Uy ( R+q, ) 


HEA i —ib (R May = 
“Vhus R= alee Se (R+ a \ Hess) 


£2 cote T= VE = lb.Gams 5 W=2nf=311 rad/s 


Since RMS value = Peak value /V= Voent 
the value +) found from + ve + 
Vp sin wt, = Vp Az. re 
ov Pom er = Why vod from which AS = 2.08 ms Y 
Note that since wt, = Wy , we see that the absolute Value 
of ASwe wave exceeds 45 RMS value fov hal€ the 
cycle ; 


Q23) Ma oles Cys Yr =i\Mi2 4 w=2nf = 6-28Mrnd/s 


Usina | the voltage Adwider rule: 
224) Nef, _ BR ae eee 
Vo = Ra Yjwe \-swer 


« 

This tvansFerv act isin \s of +he Lalo, eis Vip. Eqn 2.25 
with Kei and Wo = Yor. Thus the network 1s 4 
hn h - pass Glter wd mag tude and Phase responses 
as Ww Fig 2-39 


Tru) = 1 Ti +(WAvoy and P(w) = tan‘ (whe ) 
where Wo ts the Comey ov 3dB ee equa\ to KR 
Atw=o1w, , IT) = 0.995 5 20 log LT |= 0.04 By $=-51 


° 
A+ W= lo Wo : [T| =C-0a95 :20 log +) =-20.044B 5 P=-84.3 


2 SS 
C20. far > R=tsqk 5» Wo= VER = 15 xq k= ZOOM ads 


VU, = joJ2 Sm 2treloot + lola sim2rx icoot + 10 V2 Sin 21rx 10000f- 
For the hetwovk s IT] = 1a @Any and © = — tan (w/y) 


Thus ‘ ° 
Y” foe the Fwstcomeonent IT|= 0.995 , Q= —S.1_ ev -0.0%4¥ 
fov the Second Comp onent IT| = 0.707 d= - 4S be: 0.7185, 
fov the Ahwd Component \T\| = 0.0945 Q= — 84.3 ov-1-47 © 
Thus . . ; 
Up = 14-07 Sun (2oo1t-0,099) +10 Sim (290 TF € ~0.785 ) + 
Yor Sin(zoo001 t —1-47 ) 


QD ane 
Sern Of 


Thevenin Novton 
‘ Vel eee 
Wor 2 er a Re ea ee 
Wo Ree z Me = Gay 


Thos we eee the Source Absovption 


Vheovew, veplace the dependent 
Source 9, Ur by & vesis tance Ruan age 
Vg arr, = (+ RaAn) 


Ym L4 Re - 7 te Me 
Thes Ri. becomes (vq Re) (AA on bs Sea 
Cys CCI+A) 


C2 = cC14/a) 
LA q\ Gis 
a -—C o.sCc 
—\ (fe) (@) ame, out) A == Gy Cc 
° C | undefined (err rea = 32 a 
+\ vA a 2c = AVeé 


. Yy 4 420 ; 2.4k O.4k 
23 een Ge sh 6k ao Theveniin i 
YI tog : => T- Ty 
Toe EE ey eat aR Way © Be ¢ 
2-4 40.9 


ou 


‘S +20 nes 
222) Gane ike 36 Norton 7 
lo\lie Se <r \ 
Swice Te ma = 0.1 Viy V ees “Sie c 


veplace M With a vesis boy 


of Value VeN/t = \oks. . Ths Ve 27% a = 6.67V 


— ASL 
233) Due to the | M st os me ifs Use Millevs Theorem BG ee Gite C at 
+ 


feedback resis tavce > \ook 2 ¥)- RANE to obtain the Soe toope | M - 
an eee vesistunce of Vif =-l0M ays mo &uwalent be 3 mY hee Ope : 
vesutts. This »pavallel with took ‘ : mee Vo = ~l0o00 Ve , the + af 1coo¥i 
Produces an €quivaleut Mput ¢ BA* Ce)y lo1k Yesponse is Aetevmined Vs IOOpF ty Ox 
Note that if the’ wens \\firev aa ee ee a O-1 —'9 Vi \/. + +e £, = P L Tesx1001 FI 
P 9 sed sp 1 the tronsfea 
to "the net Imput vesistance 1s Vaised +o infinity at Action of the low — = 2000p F -aCy 4 J jooo ) 
324) ‘ Rs = (ok —T) ae Pass STC hetwork at the input 19 PF 
V\ =2.61) +2.5x10 yO + eee + i The time constant is 2000% 16 x SOx1I0° = 10'S 
a : Ret Ve )_> (ooT, Vp Thus Wo = He ees Pe 
2= loo 140.0; V2 - pec th a 5 Tw) =e MY), \= = geo = =lQco 
2.5 x10 Vz = , Re Vilw) Vee) Wao cr Wot 
Bsr Vo=% --@ ; Tz =-Vo/Q, =-0.1Vo- loka 
> Zz: PR coy lo ZZ : lols 
Vv = U5 -QRs = U%G-wlt, --® = look 5 The vesult ing cweurt ts : 
DC transmission = ean = /3 vi BLN ZoopF Vo 
Lbsfituting @ 4G) uto@® + ai le eat tag va rat 
Be, 4 = loo ©: Olt) Vinge) On NOC s Equivalent vesistance ee eke = 3.33k 80 : z 
oy Ly =-Ou x10 * Vo. = 6) T= 3.33 x10 xX Zeno = Robes 
pe 8 ra § : yee V+ O.0NVe —-® fo= Vany 7 on Asal ke 
Subs 4 tuting BG) © G) mio ©: xu \ Sait 
Us ¥ 0.01 Vo = —2.6 xO.) X10 “Vo ¥25 “x10 1Vo {Ti-= Cy aner Thus. ak {= 2MiHz | we have 
Ne eas [L-0-01) ~2-6 x on x1072 -eeSKIO 1] (1 4/E\* /3 
of ane On| = i vayeess a ZZ 0.0% = —28dB 
° = oe = folove) 
E ii Vv bet hy t oO al 239 ) : Zom 
Pavameters ¥ ,=hy far eet he a ae : O.\a 
35) Rete had + ae V2 --® 242) Use ee theorem to model the feedback 4 
YPporametevs: TT) = Yu Vink Yio Vii = 8 Ri= — x —200kL “Vs 100 ao 
led =Ya2i Vi * Y22 Vz -- R2 = 28) . 20M ae 


See Un= 2M | 2 Setting V2=0 & © > N oped Beg \=Vioo ~ 
= Va=0 as in 2= “ Owes (= hruti os thus Ngee \ ay Ve Riess + 
Pou = Zhu)-6). Nowy, = TA, \yzo : Setting Viso m © Gwes \ *h, Since Yo MOOV Me MESPONSE se af ve 


e cient is derev mumed ey xen Slat he Kb GQ Yo 
O= hats +h V2 + whos Yin = —hz/n, |--O high pass \nput network for? whieh look, R, ‘R2 
See Y2)=12fy,|\V2=0 : Settmq Varo GO) eA® Qves Sa Oxio” Re, where Reg = took ll (-200k ) =100(-200)- Zook 
Se eae Ta = has tys This [Yar = hain |--@ tps Jd =O 4 Kise Zo XIGe = Zoms. ores 
& Y= TA )y 0: Sem W=01 ; hi y lah +requenc gain =10560 = YodaB 
\= wa Vi “n@® 9ves Ty = 2 3 4 
A K wn ZaB Frequency H=14 =a =3\ = BAz below 
ig llpta: oe a . @ te res V2 + haa Vo 5 ee ae? gain ees Es brag ope Since Wz 's 
Thas * = — we + Sepavated by 3 octaves Vee Gain ax} ‘Ss 
clic 22 ae En (ny Yo-3(6) = 2z2dB. 


cont ‘d 3 


\n S z On ME Soo pf 
From >) we obtain u Yu Ese) 9 Millevs Theorem . 1A P 


¥ z t = 500 (\~joo) A —0.05,F onl \S> < 
a OQuxa@ eae ar 7 ner te i and C2 = 500 Re Soo oF aS 100k BACH 
ad = N MAS The @ ne Pheovemn +o O.uF * 

Fom@and@ [ha = 31/4, [= -@ a4 fom OOO Ge ere 

ha = ey + (- 42K w KZ C9) EGS) wa ei Piece Bee ©. \ a: Q.OSMF took 8 <, pace 

ss: = 2 =e) 7 

Bigs = we 2 ONE ace : 

22 Te mPa, 14, @) Now Since Vo = 100 Vi the Ve Gay 2. : 
hy =i /z, Wee = 26nVv Yespouse 16 that of the | alk ay 2 Vo 


Mi S-OtmA = Zb600 4 Input STc high pass 
hi2 =“Ak|n-0 = 2RbS* = 25x10 High Frequency opin = Vo\ys| wees = 24100 =Z00 = 4 4B 


1-0 mA 


\ 


' 


hay =hA,\ve-6 = O.01mA ae had = ae tt Be oe a pete 
= Iz SOM eee a Oc: We = VY = 2oovod/s 
hz Nek <0 TO V AL ei 3d8 frequency £, = —— = 3)-83 Hz ey Sei 
- wet \ 5 oct Tasks Nuby A 
T= WF « (2k re ae fo hie dis” 2zkQ WF So 2k Rees Wipest below , the Be eee 
At t=o0 . we Capacitov acts al = = 
aS A short <iweurts thus a SV 1 . + 
step appears at the ocurtpurt, For t FO , the Capacitor QO UY) Ae = POY?) = 10% Yigg = 0.1 mA esd PAG 
Fags ns es Malta doa ee teh Pada ooe Ly Swce the network 1s of the hgh pass type 
Zao wi AG msSTanT oO WAS 5 us The Avevage@ Value of the Output Shou\ be Zevo: 
Vo San 4 Loy ot in MS. Thus the hatched S\ hve and ——t rnp 
Lf the time te recover fvom all but 5% of ee initra\ eager ste anges ieee p Tp ? 
+y,en ‘ s ker d | é @ Positive Ave ma Avoop J 
eee ome ked Vithen 0.05 x5 = Se fov which \s Approx imatels Bae loxto 2x 10% Sipe fo Nae 
2c achavae of 10 >coulombs . Thus = \ms = Ooms 
238) Roplynag Thevenings theorem on + The Chavge that flows back wan must also be 10 2C. 
the Capac tance dividev, Get Vs), | RT No A\tervacrively Its Value may be calculated from the fact 
The cweuit Is ae pass with + aN That +he vecovevy 15 exponenthal and Inchally ee Thus 
atime constant of (2CR) - tts avea is AP ZF = Ox 1902100 102 = “1o *Coulombs 


ye ertuatAo2) 


At W= 0.1 Wo 5 d = ~tanz'o.\ 5.7, 
At W=10 Wo | Qe -tan'10 = —84.3 


At vewy low frequencies (w +0) |! CTY 30eF 
Avesistive divider. is \ Ri iy 
formed from R aud IMD , Taal a 
Thus IM co —» ReQmMan Opole tes 


Sse, \l oscope 


Ra 1M 
At+ weve he h frequencies the Tuput equivalen* 


cweut veduces +o a <apacitance 
Awider Mcorprvatma C and 30pF 
Ths S20. C = (0/3 pF i 


+30 
From the vesultS of Examples 2-9 ,2+10 2.12 , We can see 
Mat the <went will provide a transfer Function 
whose maguitude Ss O11 at all fvequencies . Usin 
The techniques of these examples One Can find th 
mPut \mpedance of the probe /oscill oscope Comb. 
10/3 p= 


oS IMdicated + 
2 t/3 ph ervey 
IM ae 30pFr — ah 1D sh 
Las 4 é nt 12 a 
im 


cid & Ral EY c 


13, Ugh) '9/3 +30 
\~ \. Fe 
ZG) Veign ee Rey rT R=a9 i ae 


Which brings with iy a shunt Ha 
Capacitance of ipF. To make the 


aqm 
Capacatance divider also 0.01 with arllanad 
\epr me the pro be > the Scope Capoctance New - A i. 
Hern ee mn cvease by a Shunt X Probe ~ iy 
. ——— =o. = 5 
Thus {+304 x o\ —> X G4IpF 4M31™ = 100M 
aa =— \ x (69+30) 
forsale AG \+ 69+ 30 
ai > = O-99e 


: = = 
a —t Se 

aly, Lo = 3e Leave for S=CR =100x 10 Kig 2 = 100 ns. 
Y Re —b 

Q48) OS ninety AN /y mA Coy Fz UR = Sara = Swms, 


Bs Ag i 
Vo = -2omA x ZkQ ray = -Yoe I tks 


fare vile = eee = Sns. 


(i) The Fastest vse time hat can be obsevved 
is that chavactevis ive of the oscillo scope 
amplifier acting as. a low pass STC network 
with cutoff at So Mite y fov which the vise time 


9 ate hice Aer hea A Z2/y, = 2:2 oe 


Sh INAS is 
21 x SOxio 
(251) t, = EE sO : 
Thus ty = te) 14 Vee 


Fov naw +o be Gomimated to within. Fo To by tp 5 tp =0.94, 
MW whnch case KX 2. hos 1f one of the nse times 
\s at least twice the other, the shorter, wil\ contyibute 
at most 10 Jo of the total. 

Now to vepvoduce pulses With se times of 100 hs . the 
Awmpl\Fiev nse me myst be at least twice as 65+ 
namely Sons(ov ess) , for which the vise time obsewed 
will be” 1 BMS an ewor of About Iz Jo. 

Fov a vse time of Sons o less \+he ampl Fe, 

na Und th must be at \eas+ os wheve ct 


Let tp be the longev tp =kty, 


+5 s 0:95 A = pao pio PN Eo) 
2 Vv 
Aral I-43 AS =A hee A aha 


Q53) The qreatest sag occurs with the longest 


pulse 51e the loms wide pulse. hy 
dccay of Ths pulse 1s descvubed a =Pe 
Cr Maximum Ss of Py the time constant shou satisty 
SAP = Pee! Lov Which BS = 34.8 ms 
Wis Cowesponds to a lower 3dB frequency £5 of 
Bays 
ey = aa = ant = H.4 He 
If the appvoxmate sa formula wee used jwe would 
\jnaue cho sen 6g vow, Hs ai = fov which Fez Yows, 


a , 
(Note that this would Wave been a move Conservative Aesvon) 
The vesulting sag AP, can be calculated coe 
P- AP = Pe7 ILI fov which AP/p =) (sen: Saks °.22 
(Which ts less than the 0.25 specfed ) 


lOms tolOwms 


ikke greatest evvoyv occurs fo the louges* pulse t and 
Yeaches 19 fo Wh O9Vt/y = V(I-e 7/4) ov for x= */p 
wea ©.43 only es aa the fst fouv seis (hs - 
° € €xponéutial senes when ~o, Da (esis xy -% 
OVA Kuehl te oso eos eG ide imac” 4) 
ov, K*-3% 40.6 = 0 fromuUhich X ts 0.2154 o 2.78 (st poss.) 

Now foy Ke 2s at €=190ms , > =46.5 ms 

~ (1S a 53 

A+ loms ,theoutput voltage \S Vi-e 5) = 0.215 x10 

AX to ms , theoutput Voltage is Vi Ea Gk) =0.1935 V 

(Note that the lav gev Output 1$ 0.94 10* times the Swalle, ) 


(255) Feceut sa = SF x00 
Th 


Us = Mas 7 Kote} o f= loows 
But t= Cis 4 Be 


Thus C = 100x110? zi Zo4F 
sx io? \ 
au Mg us -_ te 
ae WA culate at: 217 x0.) Lea: 


Per unit dvoop ‘s wes wheve “Vis the peviod 


5 of the quae ware and T= Yul, eee 
For to Jo Avooon Milne ZX BLS Oe My Gis , 
Thus *the fvequency of the tect Sqvove wave is 

mi day er ey Sea a Ne tae G2s H2 


TE a squave wave of zo He ts used the pevcat droop 


obsevved 6 calculated as: oe av 


AV Ss Ve Bite) Ge 6 Te 
| 
Q5/) Att 2 Gp sims (the output is) vga ae 
Thus the undershoot must be 10-3.68 = 6.32V 
For the undev shoot to Be <i VA then the +ime coustaut 
Shoulcl be AS obtaned from 


As toon Or fo whieh, De 9.49 ms 


CHiamiucn loa cK ERCISES 


R. 
Thos R,= ul ka 
Goins — Ee = -100 
Thus R, = 100k 


O27. 0- YE x10=-10U; 
10 ka ue aq Ur +100; = 161 Uy 


= —-1020 


var 
ie Viper 
vu; 


Gmider a hal, Seite oluring which the in 

ak ey Capacity ui be supplied Swi rh 
a Constant Current oe (/0/R) aid Thus ths charge 
Avansferred to acitery wilt! be Nese Cres 
where Tin +e pel od of @ Squaye conve. TAis 
es ie e@ Cases acitey wvolre €, and hen 


wo + te chan by - 20 V. There 
Wri ot ae 1 Ss ee 
‘10 4 a, 
= a acon e2oy 
and obra. 
CR = 250 {ks 
s n Phone 4 ati 
‘oleic a amie a 
where 5 Cai. 4ka), 
2, ail or w00 w10' 
\00ka 
arnt a -—100 
Pf wore"? 1+ J /10°) 
which is of te Form of the trans fer fone Kan 


Thos | 


of Ay oat Ik eo a mebaact. Raving a de 
net eae -100 and a Corner (3 -dB) is ae 


la ad/s . 


@) Set U=0 3 re i= (i+ 4)= 64, 
4 


Thes 4J = 6 UL, +4UZ 


0 
3- é By interchanging the on 
0. R b Re teiminal wik oo b 
af =~; rourd (whi ich 16 the oe + 
Daa A U 
Uy é 0 Complementary trans— U- 4) 
ite Cc ¥; fevmah an) We ave std 
bg = Obiain, <> ¥ ey. 
oe HP 


Choose Rae Kz, and R, = Ra 
Kiar = 4k ——— kK, = 2kRf ¥en 


Di ferential Gaik = S = /OO —s R= 200 ha 


[3-3] The suolese at Ya. A cage Haar ermine, 
V+, le obtnimed rob the mole ase divider role 


as polars 
3 
Vi 2 ye eo to 
it ' 20X 10% —_4__ 
Jw x0-01 x 10-6 


Sina the Ae do kdeal, Vi=Vy- Now He 
Cumeneool thravgh ae ae f 10 A&G resisters Can 
be fond rom 

i Se aL 


104 20 xo" — | (1o®%/a) 
Fimally Vv, can be obrai ned from 


\V = \V ~{10xlo- EL 
tio eeonvetan oN jlio%/a) 


t Zo x10" j (108 /a) : C0 Ke = (to®/s) 
Thivs the transfer nthion Bien yy 


VY _ 2oxto®+ J (lo%/o) 

V; 20 Ko” — j Cio? fx) 

tor au a, im cludin w= 5000 rod |s , We 
A = he ha de given b 

see, thet Gvsets el p $< Tih iy 

B() Rl Oe (108 /2ox.?x») 


g (5000 rad/s) = 2 tux’ = +90" 


[3-7] \A\~ f/f = 2muz /f 


Theat Peak ees 


| aE? TER 3— PROBLEMS 
fas= h [C+ &)- ae = 20 bie CHAPTER 3—PROBLEMS 


Miz 


100 k@- 


ve 
£, a2 ae ee ee ee SIS bs 


7) 


san 27 fou 


3-11 


Us ing SRK os 
€ Urey, pas 
Vise & Y= 9 


x yes aes rise to 


Up2= \er (\+ = View (4%) Carre) 

Thus, Uy = Uorit Up2 = Urey (£)( che) 
o . = Rez 

denne Gos = (88) (che) 


3 | at 
=O Nee aiken V/V 


Ye ly ir 
+ Dopp Ke. 


= 3x10" x 1ol +50 X1d 210° 
= 353 mV 


GO), oie ttre 29x10 = at (a) 


Fee eons eae Gain= —R,/R, = - 100 (2) 


C Miooxig ses lok 

Fur jokes fy 3 ae Kesistana & R,= 4 ba (3) io? C 

ua eas we obrnin Giz lo" F = 100 PF Re 
R, = 100 Ra od C=15.9 KF 


3-5 | Refer to the solux C 
3 se Ss r) a high - Ass 5-5 | Use 
The Baya thet Ef a) if STC >t Ji i Piet es 
Mmetwork witk a high- freq veac aw of 100 ny, 
= 1X i ms aw Cx 2V 
and ag corner (3-dB ) aes of 10 Hz- ORD 2 si 
Thos ee G(w) is ghee) C= 25x0': 25 "F 
Glo 2 eee 
I) (f/f) 


ote: wanes 


V+ (So/f)? 
avd 4 = 180° + tan (fy Ip 
At f+ 100 Hz we obtain 
\G@\ = 99°5 
os PD = 180° + 57° 


as ag of ot ga fous =iV= ;R= 16 ®§xR 
Ths, Re 1MOQ 
———————— 


C 


R2 


CR = 
5 Das ae 


“a O-o1 s 


100 
Since the ives drops » 
20 dB/decade and ik reaches unity in #Wo 
decades ( W3yx=100 rad/s, Udi Ay -gene (0 A red /s) 
then the Low- freqvene gts mst be 40d8, 
ie. 100V/V- Thus 

& BLOG oe Re 100 eo. 
or eee iee 

Gis 26 = OL AF 


At 10 th Ss is je ra 400B 
3-4 ree 
a : Ry 
For pay 
be ot on rad/s , ieee res 


decade lower than 9 the a L- me 
must be 20 ae ee: Eat) oat 
Ores at 20dB / decade) Ns SS area pe igh. 
fr n = =_ Ri : Hows s rt. 
ashe ste ial ci e, 7a i: at 


K-10 ky ® 

Resistive Cam tig Iyput fm ant =k; 
The , R aes [ 
Pea wm , R= 00k 

OO 

EG eke 
Lon , tee epee aay 
Sina w= lo” red/s a ole cade ‘ahe vr than 
. = 

W4% (4, ) hn Hs ain ak We ldo rad/s 
bo wery mend) mea t 20dB . 


[3-10] R R/2 


G1 ASL a 


Gain =4 Tae Gew='5 
4 SONG eae 
ett 20 ko 


thravgh Shes ane ter U; 


movement i mdependent of  esistanc , 
athens need fo! be done. when the. mtter 
movement & aaa fa Sone Vista, a Set. 


yesistante . 


z 


At the 1d hap eo 
Be eons. 


Mi are ver: B= l0+loo=Nloka 
At the yaa > na Ferd « Rin = 10 ka 


Revised Beha ie 


lOoR, 
Ry\+ Rs= 20 ka () R4 
RatloR3= R, (2) ; : 
Ge 
Selving W) and (2) Rs 1oR 
, 4 


yields = 


R,= 23 ka and Rg=3 ko 


5.14 [7 Citext & Ra Re 


os sheen. 9, le UV. 
desired £o fed 

NU, 5 
the nobus fr 


R.,Rk,, Ry, Re and Rs 
se shed: . 


yz lo (U-U) 
and the input Lesistanae hee 
K:, = 2 fk +k, = 24su 
Yesistancte uaca Lo IMS. 


gad ths! faraeit 
Fe ee 


7s vu, to 0 4 Le, 
eras 


rig! os free design ena os 
K LA 
mote Be ne 
The gan from U te Yo com be ford by 
sertin fi 0 te be, 


& Ge) [tances tO en ee Alt Z| 


aye secon olesign Cmsprant ico 
m5 fi+2(4) + +E) EVE >) ao 
In order tp obter~ k= fy phy = aH ve 
shall seleet Rio Py = MN. Arlen we 
fb mad any eset riteg Hho JH 


we sh selec th Kee HOU . Sebsininng 
i to te. equahom (2) Pa) chy, the 

pessl ae thr Wit eqvatn (0) 

vesulhs) im RG Len = 0-909 MS2 ancl 


Kz = fal Mts 
u 


= pre Kis 909 ba nd Ry= lol £a- 
PES > —— ————d 


: Ri 10k 
[B15] Ve tev * gE aie eye 


xh loka 
Vz tig 1000 
—l000 + 700 


= 10 mV 


High pas hai ee resistan@ =R= /00 A2 
Stlostw ring Jani 2 Smaneoeuto edannn 


tar OG eS ae oe 


From Ea. (I) 
Mote ss a2 Op aman 
Vi \+ ) WCRAIO 
79) } 
Ce 2 eS ee 


10 X 277 x 159) X too Xlo# 


Yo Pelee t Core. 
vA R + Tac | + jock 


“eS 
) 
Q 
9 
N 
ct 
> 
=a: 

c™ 
& 
2 

& 


This b= 90° te pe ee 


Ae very lous Knee 5 G acts AS Open Circ 
he k \equen Cre S Cc. acts as short Circue 


and V=V. ; fur RESR ST P50 be 
Then Bb ORKOR ots ah 
c vos Me 0:62) . 


aT hc es Lolitas tn aan ly 
Nee ste + = tp + Aer 
K+ 5c A Rt je R+55¢ 


Bor r= PR. rhs Rica nas 


Gfise tat 0 Sreqrentes = 50 RL 


; BLT ke Mid tied aor 
. ipa liek Te SF Se =H 4722) 


ee oe 
(b 12 . xR A seal ae al vr 
a. It GR /- x Stee 
(4) R a 


Bee 3 analusis clernils on diagram . (Le+ +x] 
Uz=-%(444,)-G- UC E+) © 
Uz ra 2-x 
CPS PAR SS ee ene 
SOS 


For an pat oe Maar of -|00: tise ue 
This, fea Jor ~ 197 He dae 


lo? se fal 

104 aS 

10> _ 843° 

(0° _ 89.4" 
road | Design #4 

4 A = 10° = o> 
3dB ]00 102 Hz 

seve #2 


Thperentaes pany mare Circuits fr aeens AwWo 
oF at an do achieve aS o +100 - We 
shall consider ke Se of +50 ide ntice| Ss és 


bm CasCoole cach with aan f +1o - Each 
will have a 3-AB mcy of 104 Hz. The 
overall a skemestae will be 


10 + 
G =| + — 
Poser a 


aes | 100 
oye aa 
1+(4) 
The 3-dB i Ran} of this qenche (Ss 
0 bininedl Ton 
2 
1+ Bas) = Vz 
The hide = 6-44 Xie Hz 
We counclide that Des: n #2 has a much 
wider (by haha of 6-44) bandwidth than 
Design Hi- 


Vy; + Vo/® 
eienex ots 


“KARR 
V, (I+ 148) = — KY; 


Vo Pediat co We tribe ak 
Yeosi«d+ C+K) A 


Tikes 


fas= A [C+ 


5.25 ii — K2 /R, 


G= |+ I+ R2/R 
A 
Fer a A Ae i (Ze) 
aa ie 
Thes Gu), —-____—_—. Rs [Rs i 
\+ Eee Ua, 
Re _ be ritaest | 6) 
10 AO vregea 
*0 


Thos, A =_209 Viv 


De) 2-2 ; 
BYR DOnG = a =. ge 
sda, | II t 
For 4 = loks , oe @a2xw/\o5 = 2-42 x 10 rad/s 
W, = We _ 2-42 x108 _ 116 x 104 vad /s 


Ao 20 
fo = Wp, /or = 1-34 BH 


[3.24] The are ier soap he ko Irmit when 


the amplitude of the aon Sine- wave signed 
is 1OY 2 io" V = O-t mV. 

Wher the amplitudle of the inpet sine wave 
is much aveater than 1074: Vi. the) curper meee 
be limited,” to t00W-) the ist f the rising 
and eS ee f the out waveform will 
be the smaller of the sleo rate (10V/ Ks) 
and the “ten f the eral do the 
sine aeueferm ot i Zero. Crossing: I the 
4s amplitude ic doo, Javee than) Shaueaies 
ate : the op am will deteramina. tha 
vise and fall times of the aie Thirs 
fhe time pia she kien to row —l0V 
do +10V will be ZHs. Theos phoma 
peta Ci-e. has fastest rising ara felling 
edges) eo + aan be obrnined 
fer” input 


sine waves whose amplitudes are 


Hrestex than oO minimum Value Vp deterained 


from: Ww x 10>x Viee lo’ V/s 
7 
= NOSE eee = 1-6 mV 
P 27 X 104 xto> >——__—_—_—__ > 


Swe — wave Im pours wi am Visooles swalle- 


than 16% ol ive se © Square wave 


apts sh slaver edges (than the fostest 
pony of 10! V/s or 2S ise and fe" 
bo me Ss \- 


Ba ieree on bandwidrk . fy / (+B) 
ol\l- power Land aite SIS S 108 ya © edhe 
sf i y 10 rad/s 


10 
The mmimum gain (3) Se eSickh n 
Sens cap Landaidr he be noe to ah 
eile ieee! Lsndeidee lo obtaimed rg 


21x10 | 102 
Re 
I+ “6 


Rai a\y as 
rac dense 


Using “ig panne cat write fr Vi: 


Va= Viem 0 + Viem: £27. (I+ =) 


jo!” 


= OF Wem: 
Thus , rhe 


* Common — mode Ae of the 
ahaa ike is O1V/V - 
E 


As in Fable 


3:26 we aan 


calculate the Comm OK — 


mole gain— at the 
Closed-/. ampl fer os the scheme illostretd 
ire the Be, 


Ve view, | 
© 2. CHRE 
Pow Rise. woe montane 


Brees. AeA UN, 
eee 10 /\V 


X2 


Amp litv ole f HaWG Ono War commence cele. 
eine ok ths. ourpat = 10° KIO = loiV. 
Amplinvde of the iki diffe cenrint 
Pet ak ee Oh =0-l mV x4 21a 4V 
lay BUR Gi Wit niet x wide netect 
as MONS she signet. to-ndjse rahe 
at pho wtp or Od. 
ape Get impedan can be obtained by 
substituting in A. (3.13) the perecny: 
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Wel tae ad of each Mocke- This ph over YW 


reduct™ 4 2V. oy _2 = X (00 = 23-6.95. 
10 xe 


ee oh eta Superiore. 


Whee Ve Ly : 


MD UE DONT G sD itt OT. tetra Ly Ike 


Vp =07+n¥y In £3 s0-agy. Tyat0646 24 y ot 

bal | 
Vp = OT+nV, fn 235 20.653 Tp E283. 0-347 m= 
Vp = 0:7 + AV fn Oe - osszy Tp LO? = 0-348 me 
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Vp = O-741-737K 0-025 An 525K8". 0.472 


2) et bad LSE Oe ay ded 
\o01 xo"! 


No dich it¢vahims are joni gaa and +he 
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olve +o Dood wih a kn Yesi stew. the 


chan im colts Covent ) wl Loe Th 


1S~f ach aa hie temaga Vali ey Vo wt) be«< 
AU, = Psu en: 
Oe Chere aA ‘qm 


“To minimize Av, 
ay os ey | VA aS 
ossilole . aD) pues 42 


IT +we nee the Pp SF Cuwent avail 


a. |) 2, 
a re he i We BYVekmeon [SS ivaiboe ma a Ar 


1Simk + 2aiS os oie oaks be 
K = Sat 4 2 366 TOD 


ne a Aina cuwent  hyaow. 


“Te alles 
ue var Shove Vite 4+7V we wheal select 
KR = 400 SL S rade wes Ips oo a Peel 


i 5.5 es 
aig 400 
Ae low ¢ OUND | bias Cuwent we have 

VO Raia i ah ane ii S14 


1iOowA © 


We shall mow evalua ovr Ar by 


colevlakyng a ARS Nariabsl\ines of roles a 


(With No Lood : 

Jor Vs +4V we itera +o determina tte 
Loe Nalve : Vy > VoL = \-492V. —— 
yt = +7V PVA es aK Oeterminn he 


ay wolue of Vo > Vou =) S34 Wiel eas 


warakos in Vy @ -22my to + VT "Vv 
ov Sf, eo hold: Wave ve , 
(6) WitkhalW- £0. Coad : 


AV, = = EL kX 2G 7-0 \aK2h seer 


or sgealertty We 
(co) Wiha 1-42 Bod . 


AVy =-ILx2 = -)-5x2¥5--15 *V 


at se) - iar AN 


achieved! wi “Tg fr 


Mr=i-737 


Uz = 0-7 +1737 %0-025 An (2. 


lov 
Q) Fist erator: Y= 07V, T,- 10-87 zt ‘gd 
=0° 43.mh ! Vy 
Secomd Aferah me: 
V,20°7+ 1-737 x0 :025 Ln (*®) = 
(2) As in Problem 41 T,20, V,=-10V 


(2) Same cendinms as m CD abwe ; Le ae 
Vg=2+0-697= 2:697V 


+10V 
(A> Both diodes are on- 
ficst iterabow: a lobr 
Vp)? O7V, V2 ery Vp Vy 
Dg 2 00 = 0-95 A Tp} FP! 72 4-20 bo 
V4 = 0 
if 2 = O- (10) = 0° SmA = 
a lov 
Ip, = L- Ty = 0:93-0:52 0-43 ™A 


Second Cterehonr 
Vy, 20-74 1737 %0-025 Ln (#2) = 0: 663V 
Vp 2 O-7+1-737K0°025 In (23) = 0-670V 


V4 = 0-663-0°670 S210 00TeV. 
Ip2= —0-007 -(-'8) ~ 9.5 mA 


4 — . 
Ty = Wie. 9-434 mA — Tp20-434-0:5=0-498 


©) ) St jperane tZ0V 
oka: 
Vp= 0-7V As Ve 
.33-0-7 e oi 
ee etaza nn 26k 0 
667420 Q 
21d theranm 


Be Thévenies SPOON, 
Vy = 0-7 ¢ 1-737 X 0-025 Sa (=e ATA _ 


0:668V 
emis ss 688. |g. ATA WA 


Vs, = 0-474 X20= +9-48V 
(©) As in Froblene 4:' ‘ ina 


+10V 
(@) jst Itevrahn oer lo Rk 
ag 
20-0" ve 76 
V5 = 0-7V Ia 0: 965 mp \, 
Pah eaeaine ~0:35V loka 
Z nd jteration —\OV 


Viyz 0-74 1737 X0:025 YW LEA 0-698 V 
Ty = gon ose = 0-965 A 
55 Pee De Tesla, 
Vz =-10+0-965X10 = —0:35V 
(3) As in Froblem 4:| vA 
pe obrein he. eaeivalen ae seh fu ko 
Civent shear Casing ventas it ov 


srem)- fi -6V 


Firs+ Treration : Vy 


_fist tteration: Y, =0:7V Ig = eae te 0-013 “A 


Va = —-6+0-013X16= -5-8V 


Seconol iterahine : Vy 2 0-7 +1-737K0-025 Ma (£-9'3) 
= O0-5IV¥ 
Feed oat Seo eS 
Cigar Os ae aaa 
Vg = -6+0-021X16 =-564V 
Third dkeration: Vo. = 0:7 41-737 XO- 025 fn 2$*!)= 0-532 V 
ap gaan Soa 
8° "235 


= 0-02 MA 
Vg = -£+002K% 16 =-—5:-68y 
CD) As AG TC A 4A.| only she clicole To rah. +3 


v are wll be erp aay +3 Vp 


Thus the Cirant volutes to +6. ne lokQ 


One shoon ° 


First iterannm .: y= 0:7 Y Vio = 3-0-7=- Dey 
Bi OR Tt ol a 
‘ Z 10 
n 3a ahi : a f . s |: 3 
Sece range: Vi = 0-7+ ':737K6 025 fn (+23) 


=0-709V 
No = 3- 0-709 = + 2-29y 


Lg 2 2:21-Cle =lo? 1-229 mA 


Go) As in Fable: ai only the diode + edhicl, 
-2V & eae od] ba conduchrg « Thus to 


+16 V 
Cost reduces tothe one shown. 
\0 
SF itera han: Ke O7V Tot $o 


Vio =-24+0-7=—-1-3Y Jip=2 may 


Vio 
= 11S mA 


2nd itecanon : Voz 0-7+1-737X0-025 Jn (413) = 0-705 V 
Vig = -2t0:705= -1:295 V 
Tig = = V2D 2 11% VR 


wih Y0-7V +10v 
Gy on ! 
\V é 
100 ko 
OV 
OV 
OV 
Because Ty 
are similar Lae Vos nat loAn 


ard Ipa = Ins . 


Vyz-07V J, = ACM. 


Mua OVO i iislng = 108 Oe Neg 
Ipa = ps 2s Ch- Ips = BA 


220 iteration : 
Mom § OTF 1737 KO. 02500 (OE 6.1/7 
Vig = Vpy= 0-741:737 x0-025 Jn. (248) « 0:662V 
Ys Q-0-62= —0:-662V 

Ties oe 0-934 mA 


V, = -0°6624+0-6= -0:062V 
Ok 2 lo —C-0 -062) ie, A 
Ce: 160 SE: 


Ina =Ips = 4 (0:934-0'1) = 0O:FI7 A 


—10V — lov 
Ficst iteration : Voi? V5 — ya = V4 = 0-7 V 


Va, = 0-Vp4 = -0:7V Z,,= “b= C = 0-73 mA 


VB = Va + Vpg= OV Ba raeien 22 0S mA 
Ve = Va-Yp2=-072V Te = Ve=C'. 9-2325mA 


Vio = Ve + Vp, = OV Tz = 10-Ve 2 0/25 mA 
Ty.=Ipz= Ig -Ig= 91075 mp 
Tox- Ig- Tig = 0:3925 mA 

Ip4= I.-Ipg= 0:5375 ™A 

Second Seeran'on : 


Ving = O'7 41-737 X90 -025 x Jn (9:5375) « 0-673V 


TR IES NS 


Vp3 = 0°74 ):737 X 0-025K Dr Eros 0-657V 
Ve = 0:°659-0-673--0-014V 
_ 10-Co0-014) _ 
Ip = ara Ter RT wae = 0-3s™sA 
Ving = 0°7+ 737K 0-025 % Ln (21075) - 0-603V 
Yo <-0 603 -0:01/4--~0-617V 


DG ay ons We Ghee ann 

40 
Vp, = 0-7+ \:737 x9 .025 Xr (2125). 0:610V 
Vi2 = 0-610 —0-617= — 0-007V | 
Tee io oeor en2s wok 
Tor oko yee Tp3= 034A Dyrosa3 


Wik V,= OV, Al diodes wil TIOV 

be Tyee Uy = +0-7V, LI loka 
Uz =-0-7V é ard Uy= OV 
oa atcaise AG 
Zp: 0-73 ™A- Thus U; 


7 


Lp Plivides be pweor 


D, wc D, andl ty DW be 


aay Ry. 4 


ae re CON atlas 2gtt) 
Fee Ups +2V al cliodes WwW be conducting 
ad: Ure +27V > lyz 0.73mA, Uys ee 
£,-02rA FIBA. She Ge ty wus 
vel toet we sen thet 0520-6 mA. Hove 
fis bent ly nine thet the disnibtim of Ty 
(0:73 ma) Leper D, aeA D, most be sch 
batnerten iciecat erin SEX Ae had 
tb ,orberwise D, AY tim ft We Baw 


ta wk Ve & jntrenaed Zy Acc eaves 
and 0 increases - Thue a SLE yo wD 


» lp 


be reached at which th jo host svffieat to 
sorely Aa eae Orbet = Jevelin ee wil be 
D od fe De - There 
tie chods wU Lon tr off and F 
Ur Be Pe EN Pg Se ee fa) alana» hue 


+10V 
loka 


no Cine Ie ft 


Cited hecmmes as Shown - 


The ernead oboe fo 


Uz Con~ be daperminad vy 
fen YER HE og lotr 


AS. GN a Oa O77 4 
Pere qd 
= 0°465 mA 
Uy = (Anes — lov Wye 


Sint at phe Crikent print Ur- we 
See het Fhe threshiG/ w Upet4-65V. fe 
Uae eon sthe -Citeh fs 42 

ard Un Yemains comstent ot Une +4-65V. 


6) 
ove Macknsis ° Uz ove, Can Shoo 


oot Ea ot of UA ak we occurs . Thue 


fr Oy in shea vanae O +o -4:65V, LD diode 
wl be pe eet-4 and u = Ur Fer Oz<4.45¥ 
dso s nee and £8) turin off and we A Civeuit 
yedwvies to thes rn P43: Fem ne 


jes SS OG Pe Oe, 


lok.z 


UY, Memuns Corssont 
at —4.65 V. + 

Pen she above fis 
we conclvole thet the Cirecé 
behaves as a limiter ad has 


a ee a Characterisnc Shown Celes, 


CHAPTER 5—EXERCISES 


As UZ gees Sr ae 


VU, A atve and 


Current Flows thravgh the 
diode - resistor combination. The 
low resistance of the ented: comaluching 
Oliods closes tHe abve - fead nck 
loop of The op ap The Concing Uy, to 
oe Uz : 

Fr Up, s0 , Up= Uy 
Whe» Uz goes positive the diode cuts off andl 
the ep np fedbuct Cea ee Thue the 
ig sefurets at 7he oes limit and 
Ty =0 

br Ur y0, U=0. 


Re 


When Uz i 


positive , Dy 
tyins on ard 
phe five - fesdbacte 
is of the op amp do closed thr aigh Dew 
R,- Thee, U; = -(&) Ur, «nd Uy 0 
be maative whith Us wll be move mgahie 
& isda. cbvap Vy, ). tena D, will be off 
Whe» Uy goes ere , Dy tuens on end 
cles th rae -fecdback oe tha op Tiade 
DU pone be raporately tO-7V. 
Op wl) be of f and mo wwent wh Lbos 


In ew Ae 


When Uz w Positive 
Dy ieuh Le 

on ard D, 
wl be off: D, of ~ 
AWE a feaclba ck loop and wtf conduct 
a Cuwent f (ze + ye Oy Wilke i ilase 
Up=0 - Tho Situahn Vemams Even ae 
VU; 


ne LD 9, fe this Situvahon 


a a met esifive 
Current is Beas Thies tthe. 
SSN Me hanaes. when hee caveae 
(Gos EB) GH rebated to ere, which 
prcorstpeohema Us 2 = 5M. 
Fe Uz £-5V,D, wW be off 
anh Dy wl tyra on and Close K 


ly theveh. the resister R. In his 
ok. Jy --CHt DR 


Nndeondwa ry: 
fer Up Z-5V,=0, 
a! fer UiS- SV. U,2-Ur- 8: 


% 


Fer Uz 2 0 vies Ups +|Uz| , U= -|UZ| , ad 
U=-1 x |Ul-2x -|Uz| - + |Uz| 
Fw Uz <0, ie Uzp=-|Url, Ur=0 , and 
Uy = -1x-|Uz| SO ere ar | 


Th, the block 


oka ran hes 
he absolute value Ree 


The Crwit in Exercise 3:2 implement 
the ba a rech Ler meecledl - ey this 
Civect rah ther with a Wei hted Summer 


ecu ley) gu. 
below. Ry 


a bso lo re Valle Cir Cock 


S Rilo! 


! (RE/A) 
Assuming tdeal dicdes : 


Fh, ak current ‘an ech diode = 00V _ m 
(a) e Vie € CoC re es 100 mA 
(W) Consider the halt rahe during which Up 
and Ue are positive : D, & on Grd acts 
as a short civewit while D is off - The 
reverse Cathe across Dy will be (U,+ U) 
whch otlains a perk value of 200\V. 


(c) The average ine aCloss the load ig 


2V= 2x0 = 63.7V 


@ et Fok ey! Ao ay ei of the 
dalisite seconday active and Bre 
a pee Current on 100 mA. Thos the 
perk Caireek nant (ths sig 
© The has a pent 
value of WOV Ci-e. ve RMS) and supplies 
vi of /00 ye : ne RMS). 
hop Aus pote eat ey 2 Source. 


= 100 BTR c 
a 5 W 


Ys a sinvsoid of SV RMS (SRV 
perk). mg os ie current cb #het *y 


Sinusoidal  Seurce 


OW wh Current 


meter will be 2 y SV2 To obtain fk 
a R 


scale reading this current must be Bee ko 


LmA. ry a 2 x3 = 4 mp > eheh 
Qasd's, tei” Ro l4i AO. 

Uc Ow bel mains oe when Uy we et fits 
fPHess ek, i-e- Une S¥z > AS “thine 


of Un we obtain 

= at Vir + Vos t Vee 
A stoning Vous Vp3 %0-7V and calvlating 
Nes From 

A A OS. 

M a5 x 0:05 =0:08 Vie 
and Vp = Sfa we chiar 

Ur = 855V. 
Seles We Can caleulate the Minimo we 
of Ux +o be —8.55V. 
Consider the half ae Wer which 
Un iv positive - res and D; wll be on and, 


assuming idea| diodes , wilh act as Shorg 
Civeit . Thue Ur x equ Ux and te 
reverse bios across each of “Dy and dD 
will be Gree VU) andl hare vate U. 
Thus the peak Ve yerse ane Oy 


each 


the diodes oO be equal t peak “f the input (iggy). 


oY be 100 mA; 


5.8] Fra fell wave Ga ie: 
aso, has 
2fCR 


"ee 


CTLs 
? 100 
2x60 KC x 1oXIe 


cel Miko 


[5-9] The maximum rate of Se e of the 


aba ask is the lesser of a Spat 
sleo mt 5 SRe= O- IV/ Ks , and the 
rats determned 4 the charqin of G 
with the MARL On psoas ray cca 
curre nt 7s ER . as 3 


a. 19 x 1077 V/s gee 


/o7& 
Oe low s thet the m ALI mm Im Ya f Ghai 
of the out. Uoltage iS 10 we, Whe 


Can sie more roel ly aS 
lov / ms A 


Ass a | ide MG 
ec 5 Up wl ) 
be a5 showe ; Uy 


5+ consists , Hee a8 
of a dc 
Compment a, 
SV an 
Buleck. -«. 
1 biz simseid 
Deak 5'V 


st - 
Lue cas 


‘leer atte nveAd 
this Lett ae td an Re EA 
> 0:05V. Thus, at 


y! (12)* 
vipat ef He filter we have mY, de 


[5-/2| ‘y 


and @ 0:052V (Rae t kHz Sinuseid 
[5.11] semi toleod clirdes: 


Fr D, to Cordect, lok 


U: ‘ 
I he te Craed yi D, D, + 
+5V- fr D fo aq at 
Comdnct , Uz has to se | “i o 

— Wwke : 
be Dever ha» meh fe 


St foMenrs thet in the range -SVSU; <t5V 
bork (ey and D ro be r) 
will hows and Up > U;- 
te Ur 7 t5V, D, WW be on ae, 
OS & rfect shoré Cirquit , than wh. Current 


flowing becomes 


_ Ur-5 
i: 2O0kea 


5 mo Current 


ax a ee 
U,- Lxtta+9d 
Ve. Uy Ee LU; +2:5 


Few Syometry we see that for Uz <-SV, 
Y= 4Uz-25V 


Veti5¥ 
R,=9he 


A, U; oes ies ; 


U, oes ahve 
: j 7 —V=-15V 
Y, =~ Bay --20; 


Node 5 wll be at a faye Moltn4qe 
and Dy wolf obvios | be Off - Assume 


fer the momint that D, whee do off: We 


se ther the oe e& mode oa” swUk 


Us Le Ny oes a 


Thos Un eu, Y+4(5-) 
As oO as ue io Rees 5 D, wtf be off 
d Uy -- As U imCreases tn 


“ mega bve ee yaa Vale wo 0/ 
be aes at which Uy tw reduceA to 
ero and begims to Be negqadve. This 
Malue. is obWimed fron 

Gs0= Y+dk (15-Uy) => Us 
ukich cevespmds tr Ur = +2-5V. 

Fee Ut 242-5 V , dhivdla Dy Concacts 
Kids eeheictan mode “a Ad OY. 
cS ae ey on » YU, decreases om! 


for me ahwe (Zi > Similar POh ee a ie) 
to de ve the. Ans De Ven IA Tho 


book : A ssumin rbd odes the 
Corn ee gs Characters he wl 


Gh : UY 


[5.14] Por a 100-myY Aystresis, »Ve5> ye “30, 
1 


Vs cay ee =» 0-05-10 = 
Ke 40.) Fan eee 


0:05 


From ai (5-8) he rae fo 


Ones by 
Fo7s he 428 
Where S= C, RB = 0-01 x10 * x 10° = 0-01 s 


B - Ry = Ace = = 
K+ R 


Ra as 


(60 + looo " 


Thus Ce itera Mae fn 1+ 


| = 
= 0:02 Init.g = 0-6p565te 
227402 Wz 


To obtain -trieqular wave with 
loV pe! aes ae we Shor.GA have 


y= re SV 
Rl vin larual 


a 


= 0-0| xox Ry 12 


Riz so0tee 
Z=o107 


At ve2V t= 0:4 A 


? 
Thus R, = 2 = sw Tel 
6 —— 


‘4 

Fw Bveu < 7V, 
ro User 
l Ry tee 


To obtain a Fakes 
metch at U=AV 
Cie. to obs 1°16 
mA) , 

VG z+ 3 
R= 125 ko 


Fr UZ7V, 
Petey Pea. trey 
Rov Ra 4 Rs 
To ob-ainw rfect match et Ut 8V we 


have to select ie So thet f= 6-4 mh, 


28 3-2 8-7 
oo Derase ie, 


Ra = ce RR 


x Ae we SV Circa yovi cle Ze 2-0 0-6 ™p 
we “nag tL shold be 01X9= 0- Fmd. 


a si Se He Cram Ae -O-3BmMA. 


x At u-5V, Civ Curt oe C-2+23 


2-6 mi BAY A toleall yD should be 


O1\X25= 25 mA- aT hus ah Cor is 40-[mA- 


x At Uz AY Citonr Roe a22+73 
“This the ear fs —0-3 mA. 


x Ae Uz 10 Vi, Covet vevides (= ee oe 
2S 125 


lomA whl (dealt, Pnieanwae Thus 


tha. lefro is 0: 


CHAPTER 5— PROBLEMS 
t= Le e e/Vy So 2 ak 
-iR-I, R eel : 
a oe 


Up = ‘ ee -U)/"Vr 


Uz-U, = nV ($4) 


Us Up ts & (YU 


Uy= 0-7 + 2 X0-025 Ln “ 
entgs5 V 

Up = 0356 V 
= ile a Uy = 0-7V 


L=ONKX4G= 4-9™mA: 


for ea As 
Ur 20,U,-u. 7 
y] 
and U, Rees 3R U; 
For Uy-4+1V, Uj=+4V U2 
R 


Fe Uy= +5V, Y= +5V , Ups -10V and Ue 45V 
Fe Up=-5V, Une 45V , Ure +5:7V and Us ov 
vu 0 U. A ? A 


Withoot the 
aciter, the 


nn Consists Us 
36 ve 


eS of the = 

Salar Tetaves ToT hae we, Covi sisks 
¢ pier fae feats 

0 t& +5V witt 4 loo- io rie 
This wave orn o a@n averaqe fore s 


+2:5V. Adding 


ee oes revioles a 
Oows— poss fie? effect 


a 48 aly, Ce 


to ether with ee att aS qm J Ais ass filtec 
with a time constant “S= O-/ s. This 


hime constant io ypmuich Bnager than half 


We shold Pheve re Cxpect that the. 
ovr wl contain ok component 
Oey to vane geo psed Jan. chel, 


t Be a w% Ff 
te Jy A sian ey a shots 


the a and ON wave ms oe 
the spded sete 


ithe: Saale sire 


that wl 


V, and V, Can t 
be ound as 
llavs s 


For the 
patty val Th 


We Can write : 


—0:005/0:! 
= 5-6-VY)e / 


SAN etek uD, 

Vi=095V, 40-25 W 

Fev tha interval Zo ove can write: 
V, = V, au 005 /o:| ~ 0.45 V, (2) 
ee in Q) rae 


V, = 0-95x 045 ¥, +0-25 
Which results rr 


MNS Os Sea Ma ceeds Vi 2) 2° ASELV 


Dy, ae Rane i ala 
Dp on. gby mieei 


re ts anol loses 


ob 
ey eal back 1. 
Oe: ena Up ‘el Ur : Ue tha 


the pee g ha! Sqvere wave ( J = 20053). 


Case YU, io one ie drop qreater than U;z 
and of oD be off: i‘ J 
When Up <0 , Uy foes meqativie ,turnia 
By on: Cowent now (ous Tr 3 
throsg he R, and D, and” jate- output 
Bao: thus Chses 
the ey “fe nie sh the 7 Wie 
Usp. Uy all be ome “chads 
- belo Uz onl D, oW be Of fe The ie 


Ships the transfer charatter.shts 


terminal 6 the opam 


Ss 


Y, Vs. U; ard 
Us Vs. Ups ot 


to bby ims that the. 
Cire no Os 
i gare oa 


as 
hail -wave rectifier. 


Note or heiwichunge 
of palarity of Un around 


Uz=0 iiss make the Cirwit poeful as 


oO Ba ae is detectin yy eae 
mame ok 


The Circuit Rs 


wie the. sical 


additions is ‘shown 
im the. 

We shall nao N 
Shoo hot 
tk indeed 


is rates Aas & 


y 


hf wave amines ard that Ages 
Satuvation is avoided. | 

fr Uz >0, Dz, teens on and closes the 
fp avand Ay . Ure wll be at abat —0.7V 
and diode Db, ~W be ff. Ur wll ar prot, 
thus turning D, on. Died. “D, cnclucts 


thr vente and 20 Current fim Phen k Rs. 
Phe otgalive, Pedlbach: Miss oll rhea ‘he 

ppt ap te 
Cand thus positve). Us wl be ome chede 
deep Wisler® then Ur and thuo Dw 
be off Note thy Cine wl has 
throvgh R,- 
COvrent Thieigh qh A MNO ae 
wey ke Vy 

Tow Mi ii0', UF wll ge pee 
tadies Dow. D, and R, clse yh 
ie aes loo af Ay | ard assumin 
RyeR. the US -Up- Thue Ue » 
be oe and VE wl be greater oy 
Up by a dicdle. Ava oe mod the 
ees geil bine Waexo) 


Chesed 


oslbive U, M4 Mt gohVe UZ Caueaes Current 
thr ovgh. Ry CF D, - Th Lewp avand 


A, will tho be chsed and Me voltage 
drop ecress Ry wt) be 2)U;[ 2 UE ot 
res hes ole. belo» Uz ancl pun 
Ds eS Otol bees 


, ; 
Thus phe Civ A eptralas | as ney 


wave ae and pusidy Ler s ran . 


@ 


Gain cuvent adds te GK 


Feah Curtéent in each Aerde = Peute Curent hy 
Goad = Overese Current in lead Le ik 57 A 


@G/r) 


[5- 10] The are across the load is dle 


ef valle’ S— 2%0°7= B-6.V 


ORE Cuvyent in meter = S x BAe =0-4mh 
k Rochen ha ate because eee 1s Si 


meter YesiStan(e - 


5.12] Asseme shat he op aoe Satuvates 
ak +10V. 


dU, ay oes 

a 
SStrgca Up = Ur - UY , hen 

coh: Ngee a Skene. 
iss t <t < ty we have 


uy (St) 4 
Subs bituting dn (D ields 


coh : Ty Lite) () Beant) 


Bes £ bh om p_ Lid 
at © 

Gas eae fi aA) 
ig 


ECW Sol =i)" [ey 
[tae 


WN 


Por t. slighel bea than t, “hcg | Pa 
be apprvminatd Os s 
4\, 
Da. DE Gave) (4) 
aév) c 
Thos 


ite le ors Ger) t 


cose Jedowus, C=/0/F, 
a ph der an tom Kh ete +hker 
fol. the 0+ V/deceds rmodef (i-e.- 
hes Une 0-7V ae £y=21 mK and ws |-737) 


Wwe have 


Ty cts 5 07/787 x0 025) 
Up ( = +9-2V 
ree raid i be oval t= f; 


em stil] ple hu M ony U; ra 
fs AMEN (4) t 


@ 


where simpheiry we haye taken t=O 
ak ty. Sbbshruring i Eq (VD, 


cay ee oe esa [nv 


fae I fe lho- ta vm 
0 


7 oes 


pct fesules ae 
eae ee rh a Tes aS 
(U5 -9.2)/nV 2 -4Vp +t 
244181 [ee nl 
ig 1+ [' Cnn 
As kK jmtre-ses a4 ave & T becomes weg lig! 
Swall and we caw ae +h “N0¢ 
Wo- NT 7ay 10°xT ry 


ACV, 
Which we Com mae Heh mo % Mei mow, 


Wale yeaclhed by 


SH 


= 7 2+nV_ fn [4 id BP 


4c¥p | an 


The vt Voltage wll be apprerinatel 
vel to the a of the input, V ae 
y 14 V. for ode pass dselleege of 
firs we !Can write 
ee p Vp cos ee. 
ashe ve Ti TTe shad Te A HS aNd 


OP EEA TTS aC Re) Sh ORES 
Thi gigi ae Pees (27) 


Foy “ThK% FO, OT, WM be asmall angle 

avd Ne ma eo the YIxirmahon. 
Sed 

e Soko (+=) ms T (ory 


2 
which ae wT =~0:526 red. 


ei ies Galeate 
ap a 4 
Bs yp oot = 14:14 (\— @s 0526) 


ray 
The Gy < for ee 


ae ae xn eee 
mn Ce the diode is assumed idea) 


) iS wee 
KK tComdncts es acitw vol is 2 hts 
Ur - Thue the cre cuvvent wl) be 


cae ashich io! mayinuw at ft start 
g dick conoluttion. . Neglechain tha. Curent 
thrayh rk. whe pee Onoals. Cuvent Is 


Zp» 0Gy, (2%) = 027A 


With mo Qed, PTY 
= 
~the er og is Vp Vie 


Cgul apornymatel, & Y. 
wi P 
ish if ake ii, the nee dc tak 
is Vy Ae ey Vp~ eV (i- oS) 
c [ot 4 2{CR 2fCR 

From aM e ae Circuit: 


Vac tc" PRR,” ares aang 


EGE - jr Exam le 5-2 choose C= 3,200 
eww if &es ip 


Rise aie 2 R, = 2-2x3200Xt0 xix0 = TAS, 


vad the fall time , we mote that Ha 

acitor pels throk the lo-ka 
tee resister . a) YA = OD, xh 
rica noltage stoyts at 2V, dees 
and heads et ie wolts bux 
Stops at ra ae 2 

a(t) = -$V, eer aS 


ZV, - OW. = SV, e€ RY AV, 
t= 0°07. 5 —2¥, 
-t 
EGE NEE a ea 
t, = Ey 


(6) 
ee 
f 
cee 


Ves Wo D>'4qNaA will Var 
ae OV asd -1SV and ww have 


an east of -l0V. 


= O0:8.5,5 = 27:2 272 5 


ey t 
-V, a Fy. 2b 
We shall perc a detaileA sy ps aR selon on of 


= Steady — State reapers 4am nOnh near 


Cite 


‘At _time t= 0°: 2) sta. _Very hy: 3 
ee Ee line ort 

the diode : AS a ey i Ms 
conde hg of ice bas Cuwent whens h the 
100 Bn yesisier ) th Circe vednces to that 
shasn on 9; 3, fre whieh we erie 

Vy + Vey + I,xi0+ E2= 0 
Me Eas — Vy—Vep - Tyre - -0 
Als, I,= Ty e aint MANA ETE IN 


Va/n 
Thes, E,--\Y,-Y- Tex yee a 
Neitime te 0? she _ Vet hy4 


era Twat 
Capacine voltqe Tematns ~ 
Uuchenad (ie. =Vey), ard wba Volicals eget ff of 
CicentY vedules to phat in Fy. 4 fm Wibte hiipse 
Can nvige 


Ey-1,x142-Vert FT, xiooka (4) 
there Lys : V /\0 hr (BD 


Hi 
Cs i Wi spars (6) ields 


Maly 


\0 = ne + I, x10? Sen) 


yn x <S ae 
Fe tm OSt SY eg 


The capecine dise ae ae 
theagh I co Ei | LZ zt U, 


Combinahm 4 the thr avd 


Fg: 5. 
lav- bo lesser as Shetw im Fy: S.We cm 
Write : vy os V, i (3) 
tere. Se }X\0 © x Jol XI> =alol s 
Atotime)) G0! | ha ~ Vers 
Ure & UV, ad - 

18, Vy 2) E, Is tobe v 
Cirect io shew & 
ia Bg Va can be aboerned Wire 


9 avesnrin t=7T, ~ i 


oa, 
V, = Vy € ifs -3 
Si-Gu TS e o-lols avd WAC 9x10 s we have 


V2 09M ----W 

We abe have’ 
= V, / 100 hn (la) 

ard fe Re iCirec ue Wiae Ry @ we can write 

E,= '01V,-Veg ----- W 

Ne Gas tet 
Uy 2 E,)~the diode 
covolwets , and Yo-Yo. 
The iby Wo 


hy:7 


\£Q = Naip 


E, 


Vemecad \\suthavm ed | ak Vog aN We ea (ec 

he cowent jhvarah he too- 4.2 Yesiste and 
edu tts claus spiatern fy 7. Nae thet 
jhe Capacitor re a cherge sn it, har 


We Can Witte: 


Me) yo Leap bn 4 Vet: 


ED = we -Ve> = 4 X10" a2) 
where as Te ot/Nq es 
Th, B,=-\,-V,- 1 XO Ke Va/nVy (4) 


Sob tec fin (4) [oe results Le 
\, Vs /nv. 

lo= bol ht, + Ty xis y e2/""T Gs 
Wer i tine REL ee ii 
This io the intervof or 
luting which 7&& E me VU. 
heck Condlut fs and xa 
ie phe HE los 'b Ka: Capatier 
es the t=O to T, Tn tev. /The 
Cin rvedatces Mot in hy 8 and We an 


wie Un +e + tx +E, =0 


Bur t= C dt fde- 
The Ber bs x Bo (162 
Shaw ie J, Le 


hes. We Cor oly he aes r(O 
d -& «@) 
aia 


Sha ke dele a [-mA vie we have 
ey vi Pehl yh us 
eeins4 mm» (17) ee 
Ay 0:7/nv ee 
elol Nr di, + 1orKIa £ Lay ae cw 
mF 1X16 
Inve re4in this ae over he eines 
era pri 
—Vy = V4 / 
U, V. Bit nV. 
ett dy, fuse RL ober. 
V+ 


A V3 = V3 


Se Vek Ue ee 


This fesv l+s “an 


7- Va) /n (0:7-V;) /nv. V3~V, 
ee eh alias 


a com ‘7 phe analysis! We nas have 
Pec pO top) 


r onkames ViVi, Vz and la - 
Bone. re be sbemined as Wess: Ge loine 


(DV arA (15) to C limi nce Y; sane obotmnin | 
an ae yn Y3 and V4 +hat- be silved 


4oatther 2ixk (14) +e obrnin Vz and Vq- 

The ihnds Av | 
V- + 8-74v ,Vi= 7-95V, Vg=0-7V, oe 
Vg =_0-67V. 

Filly mae shat the derachd seloron 
Seed) be crivesied wists ha. mich move 
Yipiwedi bat gyicker merkod moet in 
Ejanple 5:3 . | 
Atholr shan that tha mae bbcauds 


“he jaclusionw 4 Sovite Yesi\’sterne . 


oma jhe ver, te move 


slope = —o0-1 Up 
+5 


I af és fe 2 
Bee a 

outs ~-0-: ae 

[rans Or characteristic Saves Rp 


ae hors Chara cttrishic ee 
yan foe sl pismo 


+ 2000 sf OV 
Ce Pe eG ee Oe 
Van = —-L_ ra = -1 X-10A5%, = + 50 mV 
Well R, included : ; K2=2h2 
+ 


Mice gear’ 
be eae, es L 
Those Vr = R, Cams rail =-60 mV 


“The Circoit 


be haves OS aA Bisea tts 
and has the Apes ivi 
Characterishes sham. 


The verte te levels 
and LT $y diodes 


Condition Cie. on or off ) im the. t00 


States aré indicated on the Civwost 


Fig. 2 shes the trans fer 


S 


f, +10V 
Chavactérishe f Citeuien 


As indlicalid Ha wv 
wilh be high, af he 


Pesidive Sattrak ow 


U; 
“-l0V 
eos of fla ve 
amp, i” in ae gh ca 
im a NarYrow range centered arovndl U,= 0. 
polly Y,=+0V fo -Vev, <+V, 
ot hecewise U, = -10V (the 
Msltaye f the f am ): 
y the f, 4o 7 Arian As weed 5s 
as indicted ‘in Fig-3 , 4h VUaut ol 
emsisk “f Marrow poles ak twice tho 


fa ees, of the in 


be caus “f Unus 


ahve saturatiqn 


. This comes abwet 


Arans fee characterisHic 


i a m ay 2- 


Fy. 3 
We shal mow Sales haces he Aen 


CharacterisKhe 0 Fa. 2 cusses abut and m 
the protss we shall fit the walue of the 
Shceshatd voltones > ie: the wale of V. We 


Shall assume that +he okcodes ave (-mA units 


ae 0-1 V/ decade fant nt enctichal. 


Faw Ur=0V both diodes wil be conducting 


anes lgibl Cuttent 5 fois ea and t, =t, =@¢ 274= 
1o/\-o1 2499 KA. Thos Up =4+99 mV andU= —99mV 
Sheil msane, that aa, er a yi te) 
Un =U, - UL =+tl9BmrV. Ths rhe pas Poe 
be setrale) ak +10V. Sinte cach clkecle so 
forward biased with “re pens ik wtf L 
Conduck ma a Cowent ‘f lo? xio® tO he 102A 
which is in dlesol Req hyrle as id eed: 

As Uz is jnereaSed: be the osiOve divechan 


beth U, avd U_ increase. Thus olcocke “Dy conducts 
move arch more Cowent while D Lurns off 
completely - Fev instants for U, =+02V, U=+297 
mV 499 VY, Ue BMV, and Up = H10V. 
bi whe oe, cote 0} AA ies Mga and 


This Continues until UV; int¥lases 4D 

ae int thak ly,= Gy at ohich pavt 020 
and U,= UZ - Gea ary ee im- "OSV, 
Hn at 0-5V y= l0Kh ach C= 75 AA. ae 

sint, increases in Ur Cause c +o feverse 

7. iow at thus odd + t and increase Gy 
This intrn Cavses Up, Ah htwle® U; & 
increase - Such increase ,hewever, 6 a an 


that in UL and a point w yeached at 
which UL exceeds U, land the op am 
Selutales at Ye ve level of —IoV - 
as my (NEY a a eas 


U_=0-9V ; hos UZ,= -0:3V ney Uj= -10V- 
oa eas at Ur = 0-6\V- The, 


Vi~ ea 


abve enact 
Com ‘he o bed. ° e occurs . “sane 


becouae of o sey mm tv 
of the mie vy. Ly J 


=~o- a. 


Please nete that in the first fash a 


Civeuit 


the Taye the adie Yan had an erear 5 she 
Ae ae temmals Were ee 


The cirwit is a bistable havin 
dransfer chavacterishc Shown in Ayeim This 
Can be belied as sieiicena ia Dy, + be 
ssereompe tata Vie bag eh aa U.=+0-7V- nee woltase 
wl bo a iL 2 by bre ‘3 tes 
has a closed uf ot of +82) =at 

thus U U, wtf i Ua Set Thus he Current 
c ww be fi-tt Sf - 0:07 ik ohich adds 
to whatever the vabune of f me +o be 
and Causes a met Avntes Sue ent + ffos 
theavg h DD Vhs morn it on and 


exping U, = to 7V as ini nally ASS Umaol - 


This stoble 5s rsis y 
peinive Aiatues io OF, anell# ven Ur = 0- ft 
fd wn J for Wish Pehla steEe,. te SOO 

have to ap ae UZ Se fficienr| 
So that f =-0-07mA at eee 
turns off - tad. oaurs when Uz 2 -a. ae 


ice shen pele of Ha hacer thiatobl 
fe Uz <-o7YV 1B) wwf tuin on, 
AS --0 7V and Uy =-77V, wshich ye 


tT 
the other siwble State. Ome Can eveae: 


shen it habiiphe | Circo eshO Mremac | La. 
his stelle state unless OZ is made 
osiBve anok feater shan +0-TV. Note thes 


the threshold voltages and the ov 
ta eo are be of th c Koger) 
fal bs: L, De crent ak Ky , Ky andl 
R, mS eve! 
Pa. ee im dtrminat aud ar 
Example 3-5)!- This resistance Vis —10k2. 
The Imet resistance of he Sore ate 
s the peo dicks of) Le =10X +20 _ 
CoA aL ned. Veboition oc 
hat ‘ati a Giver its 


afi ve Vesistan’ 
ah GR Des Me Tap aati 
behaviaue . 


biste bl 
As R, bo reducad 4oword 10 £2 , he 
wpidh if te hypteesis is reduced - This caw 


ive. Yess s farce bepieen 


be ry saa ted numeri call As 1 
VeReLae lo ka. the legsiesis’” becomes +f 


te) width , as sasu ee f Sues 
i R,=,!0 
At —this ue. fk, tho © Uy ko 
Met YeSisyene_ is 04 R,<lo 
and he. diodes ara ka 
Us 


ian ne 
Comstant Cuwent ; osiWve 


fv Ul 70 ard ‘ee oe 
fr <0- 


Fer RK, <lo oa +k. 93 Chavacteisne 
tates the s aoe 


the mex Yess becemes X SIR ve. and 
mo Breeaks Vi+ ON srs - he: Ss are A Gat 
~~ naa ys wo\ SSM veg she tok 


frie Cas Wve Ss Ce VYesisteanle . 


shasn am 


is A 
Dnirieol sl vi tte 
Ae shad alate a 


hee RE 


is Usk by 
fi ssumin jee the aes i almost linear 


then this 5 vel to oes 
a 


fe if 

ae “xBle | Age 
7-3 th 08a 

edhich jo the leq; ted Ue ae 

Fa fe 1hue , Te fms . J R, = 10R, 
ae Pe oR. = be : “Tues CR; = CT 5m 

4 

Selecting R; = Woh 2 C= 0-03 KF. 
Selecting R,-0 kt ph. R= lok. 


Fer fz 1 ke , Teh ms; 


Se ae Py. 5-35. 
thus Wy Aa AN 6 iho i <) 
Vila 

Wee CR cea aon 
Be OSV FON gs -fow A ieee 
Weyes 5 Vey = -Va,= SV AS Thos , 
yA = CR aa = 


CR= 05ms 
Ch olen o« Rawson 
The Comp lepe’! Cia tick del as Nanrs + 
ee i 


lok 


ne is es) 
A 
Ww 27 


pea V 
Fal pele Hho WG: 
aS nitel tones " 
he AYnian le Na 
2 a) 
Tg T/4 
Vie 40 = =3.18 V 
ee Vit07-2y | 
cjields Val. UY 


We have Uy =V,+0-74 ee eth 
a 
We rhs that Y, = 38V ak are +§V. 


Subst ry nag eee Mahies' cach Yei3V_ 


Cuaeter 6 - Alps 


VENN DIAGRAMS -An AID TO LOGIC -ANALYSIS 


A\ Venn diagvamn provides a pictorial vepreseniaton of logical 
relation ¢ 1pS On this diagram aveas ave used 4b vepvesent 
logical vanables , & Vayiable bemg true within a labeiled 
Closed boundavy and false outside i+. Conventionally the 
boundavies of the area répvesenting a Sthgle variable ave 
<ieulav Cor nommally so). Whey ¢ vehions Overlap 2A Com- 
bination of logical truths will be seen +o apply. Thus 
m Fig. A6.1 AY=\ with the vegion bounded the curve A 
A while A =o ovtside . Likewise “im Figs R6-2 4 

Ph Ok Ab. R= iin the honzontally hatched veqion 

gel hile Balt inside the vertically hatched 
B Vegion . Both A=\ and B=1 wo the doubly 
Fie AG.2 hatched vegion.In fact as indicated tn 

19.b- Fig. AG-3 4 distmct reguns ave defined 

by a aeneval Venn Aiag vam fov 2 vaviables. 

EAACY shows the Covvesponding represen- 

tation for Bvanables ABYC with dll Vegions 

B labvetled . Note that justas there ave 4 veg ions 


2 vovables and 2" fy N Vaviables , Theve 
Fol 6: ave 2708 fov 3 vanables 
‘9 4H 
As well \special relationships which occasional 
A 


Cc Spply to physical systems can be vepresented + 
& Fov example Fig. AG-S shows thor B is a 
Fg A6.5 (Proper) Subset “of A-Tralso shows thet B 
c and C ave murvally 2xcluswe 5 ther is B 
IS true ouly when a ‘Ss Mot. Be quave tHer 
Drag rams such as Fi AGS ave In complete, 
Since they Waphetly melude Special velations hips tie! must 
be used vévy coe Goll Noval ly twa tiie Analysis /design one uses 
complete diagvams ( Fis wit 25 dishuct vegans fov N Variables ) 
while acknowhedg: Special velationships a\g vaically. 
Let us now as Jed BS use a Venn Aiagqvaw ro let and 
 Mmimze the Boolean expression X= AB+B*. To Proceed We diay 
A AGB lb pedis da ort and pane a petetap Wy 
's the heonzowall ere! avea while Bidiie e 
iFQAGC Vegion <oue ‘s ree vertically. From the 
Aiagvam one can see relations hips Phat | be ‘Simple in 
; a Pav Ticaley context ; Since the unhatchea Vegrow 1s AB wtheX =AB 
and @ PBis included in A \thenX = AvB as well. 


Cuarte - XERCISES 
+sV For rea| diodes , the forward drop 
R {is O.7 volts . The lowest Input 
Un 


extracts all of the cuvrent 
Ue 


Yom R with C held 0.7 volts 


Us hiqher. Since the lower \nput 1s 


TNO the Output falls +o +1-7 volts. 
G2» P P=A.B ;Q=C.D 
: cepa Y=P+Q = A.B+C-D 
veve@ 
wheve 


V is a notation which isalso used for OR’ 
by some designévs 


See fyom the t's of £ Phat 
f= Ag + AB 
See from the os of £ thet 


f= AB+ AB 
N binavy variables may be Ccombmed in 2" 


different ways. Thus’ thee ave 2X murterms 
of N Variables and Thus 27 or & for BSvovables 
using idempotence and 


f, = Apc + ABC +ABC 
(eS ar us distribution * 
= BC(A+A) + AB(C +C) Usa Complementation ; 


= Bc + AB 
= B(C 4A) 


A y en, 


Altewative Approach : Stavtat the output with a NAND and 


B 


work back + @ ase 
@ A f cee 
ek Y> 4=AB+AB 
St lee a Loma eg == 
Aap = AB 2 — AB-AB 
: \ ge “bai5s) 
Follow the : @\ise = 
Vumbers (1) to (lz) : 


o) 
Noise Margins : Ao = Vri-Vou = 0.8-0.4 = 0.4V 


where We highest low Input and \ghest \ow out Put 
ave chosen. At = Voy-Vrin = 2.4-2-0 = O.4V where the 
lowest gh output aud lowes t high \uput ave Chosen - 
Current with output low ts >AyPreall VamA and wrth output 
Iioh ts about UwA , Thus fr “So % “duty Cycle . he 
auevoge Current is Netz) + Yels) = 8m ywhile the 
volroqne 'S SV. Thus the aveage power per gate is B5- to mW. 
C) Output surtches from 0-22 to 3.3V oe by 308V each las. 
CV=IT— Puewage Cuvvent From ne Suppl to Chae 
4spF by 3.03V i's 4S A 19'*% 308 = I3¢.4 an. Ths the 
auemge Surply Power ts! sxi3¢ = 0.69 “Wee 
a) The Average Propaganon delay is U4+7 ow Qus .which with 
An average Power disrpaton of JQ -mw gnes a clelay ~ power 


69) When Sa so ,theoutpet of the love nght AND(eQ) © freed 

+0 Causing the outputs of the _coumected NAND to Nse to\ 
mdependant of +5 “other mput, Since Ry =! also \ the output of 
the nant _top AXP (ie Q) is fovced 40\ . The Sane Avg ument 
agples 4° Ra = © aud Sasi Suck thet Q ts forced *° ol And) 

401) a'\ maependantly of C\S oR 

B) Only when Sy Rg =1 15 The Fertbect loop closed and R\S.Cabletecont |, 


a) When C=0 , the output of G, ad G3 ae forced to 619 30) The vesis tance 40 the wight oF 
I md ependent of al\ other condi thons y Causing O 


hode A is R= 2R 
SES and Ry tobe boty se R R za = The vésstance +e the Nahr 
b)Wit Deo and C=0 , the ovtputs of G4 \G3 and G2 ave 2a ! os Ry oF the vesisto connected +o 
bwhile that of Gi ispermtted to be O yhold ro Ga cae +R si ti Bees : ‘s 
n dere € “ ‘ ; u = \ ie Fe : 
oh ey ucts cae Pus ts en e pos: wer : The vesstance 40 the vight of node B is R3+ReuRi = 
unaffected . Note tat two of the wputsS +o GZ are | RR =a2r 


, rhe Same as to he vgtr of woac AR. 


and G3 is controlled by © » Now as Cuses , the output Thos the vesistance to the vght of auyuode X Is 2R. 
of G3y,Ie Ris dvops y a3 Q Wgh . Note that Gz out Thos The total Vesnstance loadin Guy vesistor R's 
and S Velma hug since as TC uses the cunecton Gow 2AW2RSR. ArccovdA ma ly +he vo (yay ¢ ar Any node X 45 hal€ 
G\ to G2 holds He previous State coupled throug G1 . Sime Phot on The rode at 4S mediate left. “Ths ean, 
are low while = Vemains high >Q falls +o Oo TWith He Cuwent (to Baraat, eee ode K-15 baie ak Foon the 
outpur of Gs low > the pur Prough Gy foiDdD is hott to The lef+, Thos 2, = 2T2=4Tz = ma deli = 
disabled ~ Wet hg = Thos =Bie Cons S+s of . 

C) Now with Det and C= Oy the outpus of G3 is\\and the Veet (bole aber Sy ee 
Inputs of Gy are bet) 1 so that its Output IS lay mam_ ZR Pe Phi 
amimg the output o€ Cz hy hh mdependent of C , AF the a Wwet/ (ui + bz ‘ ft Sai 
Same” tine The outpur of Su being low , holds +he ; RL Sa gee 
outpur of Gy high While the outTpur of 62 is held h hy = Vet eS 


Cato. Whey Crses 
on the Woles 6 G 


G the action Proceeds aS wm b 
5 y S62 And G3\Gy vtversed. 61/))x. Fguve 6.Go ay Analog We pat of O vols 156 
(GAB Wit Je Keo , the Ourpurs of Gi and G2 ave high 


ABSSumed +o be Vepvesented ee a2 Count of zevo 
\nde pendent of C » [Zaring rhe Chef lop Im Uns prevous ana the lavgest bid ars by acount of J2%-1 , Thy level 
State, with Jai aud Koei ava Qa iets ous our ot \ veached after a 


—“\" Clock pulses. 
Si fails as C nses \ causing Q to Gil Setting the master 


FlipFlop doy. ae Q had See oO, @ would aivendeutnocs beoy, Gis) pies Aig.ya) OvT PAT of au B/D Couverterv 'S @us tap 
\ aud wo Clame would vesu lt. Likeunse tee Ze ae i Stons lbs fo whck vav by Amounts Cowes p Onclung +o 
The output of Gz falls, setting The macter Fieflopto Oo . ; M2 of he least Sy\gni fican t bit (LSB) below? to 
Now wit Je k= | y the Stuite of Giana Graig coutvolled Ja (SB Above The Appavent wlue . vs The mexnnun 
by The output of the slave as Cnces , Fovexample . Vaan zation cwey, is E'RLSE . Surce Ves Cowessonds 
Porc). So tited bby & y the easter ts set ie oo ee ica ioe ne) ones ee 
The slave 15 1 tHe veserIsyate ( Qe) 5 White Qs Zatti OF POW SR Coie) Neg ooh eee rccimytiven 
4h, Qis low > yah by bg Go as C uses. Rwov is Yo AoE ins 2) 
i Seen) 
Ce Causidev the 4~- tuple (Q3 ,Qz,Q, Qo) OS Qa <a ov Ves (2(.7- ')) 
Mumb ev sing a waghted bmavy Posifonal notation ur Qo 
the LSB NT  Wtended tobe I only at Tue count of 7, @ when 
(QsQ2QiQe) reaches the state (on ') Yepves ening (Ox7+ 142% 1x2! 
we) oz fov Which the wvéSpond ing Matern is 
BQ2QiQo sie Noe QsQ2 QQ, 
Likewise Ni Cowespouds +o X& Count of 13 Such thar 
Ni3 = Q3 Q2Q\ Qo 
The flNown, table ‘© Db 
Summavizes The action HAPTE R G - KROBLEMS 
following Successive clock ST as 
Pulses. The present State PLUG IN Graig SWITCH ON OS = O}, 
of the counter VAP VES uted yi 
4(@.ee) rs ihes (ye 3) LGAT ON CL=1) 4 DARKNESS ( D= 1) 
which iu tu leads +o the 
hex state CQ. sQo ) n- lad © 1h Be C VENN DIAGRAM 
teved vn the Same vow OFS ONCLUDE ; P. s 
Aud Vecopied 5 the mtial OR east bai Os 
Stare (@, Qo) Pyrov ho he | ro) oO | ° 
hax clock. Thus the ea Tots: D=P+s 1 
Coun + Séquence yON,2,0 1,2 
ere 1s that of a wmod ss 
Countev . 
OA ean Ti Cons, ts R = 
ie me Const, F = C(Re Rn) C=A+B 
R+ ¢/ 
Tope. 3) 
+ —%/ a. 
“vie rlat 2 ila ere. it _ (VEY, (Rak) GS Vv GRouNDED __INPuT: 
= e Wevery R +R a * R R ; , 
~-t = 3%, Nae EE) ~ © = (ty ae) r D NEGATIVE POSITIVE 
+ Me tn = ¢ ed oe Ni e 
lea we € = CCR a Ron) ey GR Ye B cy ABD ABD 
aes R 1 =~ NEGATIVE C0090 o\0ct 
aay Cc GROUNDED O10 D Ot me 
a “hes ee Cus ant NOME C=O ens =AB Loft D=AB 
ABec = oR en aed fibe 
Peniod Tez Tas + ApS - The wave forw, from AwB is 


vepveceutred b 


f VENN DIAGRAM 
Yaa get (1 e- FF) Which veaches Ve when =TNPIAGRNY ree oO ee 
Meas oda far whith” Trg = — 3g (; Me SA A ed ae oe me 
ren Ber GY, ) 2 TM nfo fiom Bo ce Oe A 8) are ae 
“ PAY ys Ta hie 
ore Ve = WV (e ) Which Veachee Vi when 


“\ ow Tece Te (Vt 


1§ chia ela vs me rg ae 
fh Bea M6 e- 3 Gey, rave 


eee a pee gE en 
= ABC +(AsB)C D:ABC+(AveIC 
}_—_____" D= pp +BC+CA H 


me RRR RT ed D=AC+BC4AB 
Bs RbeGesch 2 MEE Ae Denes 
=(A.B) (34 CCRT) when con be vecduced tot ; 


G4) f, =(A+BXB+A)= AB +AR +BB+ AB = AB+B+AB 


= B(A+1+A)=B 
f= ABC+ AT B+ BA = AB(C+ C41) = AB 


fs =(A+B+¢ (A+B (B+) =(AnB +AAC +A8B + ABC + BAB + 
_ BAC + BBB + BBC + CAB + Cac + CBE * CBC) 
AB+AC+ AB + ABC +ABC +8c = AB+AC+ BC 


= A(B+C)+ Be a= 3 

= BCA4+c)+ AC Rez nee B 
C BA AsB BA & ASC ACB BA SS AYBeC AaB Bic 
GmomOe Oo, YS OPS 6° 6 (O..6 Ss \ AS 
Bee OOO LG SO OS ron teeen 
Go ico \ | (ee Oi.O. V'6, XO \ ° OFS 
en eat OG ao Betsey a OF 
PoeO Gr 107 16010 \ | \ \ 
We ioun) N On. On On Onl | Po 
\ iO ° fom glee <8: ( .e) t So 
me 4 B es te, Mast Ba \ tip} 

aAa—t Binc)+Ac J 
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D= ABC + C(AB+ AB +BA )=AB+ABC +ABC 


£8 AD =B(Asac) + A(8+pc) = B(A+c)4A(5+0) 
(3 Cole) Mao = = AB +Bc 4AB + AC 
Cate ONO A SJ MRC = = AB +BC oa es 
4 4 he “ALC = AB +Cc(A+B) 
a) = ae ae = Are +CAB 
i ks | 
mi ON So 


6 6 THe cigcuir Consists OF A LINEAR ADDER 
: FEEDING A COMPARATOR REFERENCED “TO THE 

Mippoint OF THE O/) LEVELS. [HE ouTPUT OF 
THE ADDER ATTAINS THE POLARITY OF THE MAIoRITY 
OF THE inpuTs.Wita Two WeUTS AT LoGiIC O ( InDE- 
PENDENT OF LOGIC CONVENTION \ THE REMAINING 3 
Must BE Logic | FOR THE THRESHOLD To BE 
CRossEep: =S7_V=_A-B.c 4 fo=aD= A.B.C} 
f3=>-D=: AvB+E, {> DB = Asc + ABx+ ABYy+ 
ACX + ACY +Axy + BCX + BCY + BXY + XY 


IN THE LINEAR GAIN REGION 
Wes \o' 1S 0m 
o+tco © 


pet 4 NS AS 
= 19 Ag) ens \Onue 


Vo. = ~10V 5 Voy =tioV 
Mepcsa We Vay =+1V 
SN BSN Gye 


Tota CAPAC | TANCE =-30Mx A Nata 


TWo TRANSITIONS OF (10410) =20 
Areritupe OccUuR IN lO ‘sec. 
METHOD IS ENERGY Lost IN CHARGING AND DISCHARGING THE 
CAPACITANCE IN 10 'StC. Is Cy. CV*)x2 
POWER REQuigEp =CV/T = WOKS * 20/jg7 t= B.GmW 
METHOD 2: CHARGE EXCHANGED Twice IN IO SEC IS Q=CV 
CURRENT FROM +10 'S CV/7> AND FROM -/0 Is CV/T 
POWER FROM BoTi SUPPLIES 'S 2°¢CV/T > Y/2) 
OR 2X A00KIn *x ZO xX1otKto = BMW. 
CV= IT —eATIOmMA , T= 4oox 10 5< 29 = |-Byusec. 
19 x (9° 3 
Thus THE AMPLIFIER Must Be SLEW RATE LiMiTED, AND 
R6E AND FALL TIMES AT 2V/msec Must EACH BE 


20/2 = lOnsec. 


63) = Q 
SET. G 
E10 . 


io] 
Ol 


u Q 
DATA 


Q 


CtOCK LT 


Counting arranged by Comecting DtoQ. Same comection 

applies “to cwevit of Fig 6.31 “Since also edge t+viggered, 

but not +o Fig 6.36 en is level tyiogered? For’ this 
On a closed heqatwe feedback path 13 formed wrt, clock 
igh. 


C12) cox QoQ? GI3). —-Q- 


3 
Inctial State | e) ce) (o) re) ° ro) 
{ re) { o) i \ o eo) 
2 ro) ° | 2 \ ! roy 
2 | e) re) 3 \ \ | 
4 fe) L fo) 4 ° { \ 
5 ° °o ( 5 ce) oO \ 
6 t ie} ros) 6 ro) S ° 
7 (e) t (e) mi { o je) 
3 distwet s tates: 6 distinct states: 
Counts to 3 Counts +o 6 
6,| Up Modulo 5 Counter : 
STATE Q{4Q 
GS fo) 
\ ° 
Zé \ 
3 \ 
4 oO 
Clock 
Note+ Qy veveses while Jr=Ki=1 5 teuntih Q;3 goes To O. 
Q2z yevevses onl when Qi = | 
QB vevewses when Qi- Qo =a Kay =al 
6 I5 sos lok We ions SokWz 
° D B C ' f 
A Ve. 


Ce RC=\o sec. tc 


The logic threshold is 
half Way between the 


log ic, le i: 


<5, (3 cos where - tae’ Ge 
“te = ©. (qs on. \ \ | wa) . 


date’ a ' 
’ Whats ¢ Ax what 2 (7%? | | 31S 
eo epee eanc.” MN esa 
Ton cease with 
Feats? oc R6-4a5 


Y 


Jate delay 


x 

This 1s | One- shot, 

Tt vequies a logic © put 
of at least two gate 
delays (too nsec) duvation 

The delay element F can be fovmed of an Cuen number (1) of 
NAND gptes . For example if n= 2 ) €= Somsec Q ISOmsec pulse 
results. 


REG 

B 
Total Peviod = 30470430470 430470 © 
= 300 nsec... 


Y4z00 = 3.3 MHz 


Frequency 


: = Sonsec 


! . 
Average propagation delay =2X%% 33x ioe 


80 _ 
At 12.5 M2 \penod 1s 8Onsec and prop. delay 's % 2133 0s 


C19) ne . 


1 
C= AB +(AB+AB)C 


when A=B =1 


New Inputs mputs old 
Bia + lov output —agvee Aisagree output 
Resistors (3) form « majornty logic gate ; 2Zof3 contro) the 
output 
O10 
ih ey Bacts 4s SET 
Logic Levels oO} | Ractsas RESET 
+IoV OP 
| ra) Galsiintsnoun 
bale 
| i} 
| \ 


6.2 | The cweurt has Ppositwe DC Leed back hence 1s 
bistable with C at £10. Label the Op amp + mput 
OSA And the open Switch Contact as B. Winewne Chang es, 
B follows wrth atime constant P= -OYHF Ciok + joki{ isk ) ov 
= ISofMsec to t10v. When PR gvounds SEQ Changes 
by OV from tSV to FSV > '@ 1F vevevses | Causing © to 
Yevevse establishing a new State opposite the old one. 
Sweatt an belused to Goya Push-on /push off switch 


Fron A Simple SPST. NO. PB Ney eat 
G es ay 
x=0 OP AMe * 2 + 


Aimp*z buffers the Input and compensates for quad offset 


Note that this tvurth table is not complete , 
hauw: only 4 entvies of the 2 or 8 posssble, 
+ Vv The Vemaming 4 ave Said to be “Wont caves”: 
Thee outpur does not matter smee their mputs cannot be produced 
The Compavatovs, Proceed oS follows: Notethat Xhne 2,15 repves ented 
Umquely b ABC bux adeyvate ly “| AB smee A=8 when Ca\. Likewse 
hne uy y Is Vepvesented mg vely by ABC but adequately by C3Thes 
X\= ABTC. Cowes Ponda ly bar dwect 5 %2= 8B. Fo NOR veal tzorion 
at least two approaches exist whieh bed at The output: For Single 
NOR jmgut most be Kis Agee - Aa °c AA+BC = AT+ Be 
We) NoRascade (formmg an OR) mput must be Xi = ABC. Subsequent 
decis oMs@we MumbereNO), @re OB. Note:P+ Q=P.Q 
a Li For case @) Mumber of 
eo, a@ ABrc Y* Ole 1c Sates veduces to 3 .\€ Ais 
Ps @m @® Cveated by Yevering A Comeavator. For 
© 19) cose @ vio such Saving ‘S possible Smee X 2 2B isalso required, 


) 


A 


Usina H fev high Cr) and 

Lfov low (o) and D fa 

the outeux of the 
Cweort as shown and C as the 
output when the X mpurs ave 
eX Changed » Dis seen +e be 
high when the mputs ave the 


i and © Wigh when the puts A€£ev: \e D=A-B+AB Com.) 


ond C=A.B+AB (Exo) 


Call. the op amp eqgartive put A ad taketh: 
“10 


Yn 
Xand the positive wmpurt ¥: ge 
The vo tage at Xs hovmally Tike Gaara ~ 
oak (10) & = 3-827 V \nExz00k = 3.83 : 
\o2k ie 


The cveurt opevates as & ioe SS 
One-Shot prouided A\ g0es S ol] Saale 
hgh mfvequent | Aud Stays Tatham 

200 \n(.383) =\4Zus 


VWigh for ‘less than (Gaus. 
For longov Inputs ,C becomes 
Lan in vevted version of A 


CHAPTER 7— EXERCISES 
YD min = Une mint Us = \Vo|-2 = 2V 
2p ; Lygg (- ae 10 (i- =)= 2-5mA 


tno = 10 (\- as 
Ar = tp -ly, = iM 
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EO: Cae Togs [2 (1 Ses) — (4 | 
Sn ae Ved ee eae 


o> pss (- SY (AE) 
ne = eo | ae Oe 


eee 0V ) Be = 1 /N(29) (1- 0) | = 200 
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Usp= 'V . Uep=4V — TWicde ee 
ty: 10 [2 (\-3)(4)-@) a7\ 2m 
Usp=2V, Ue = SV. hy > 0.210 i-3) 

D af plots 


Vig = +10V- +ISV 


Assume opera orn an fhe 50 ke a TRO 
/ ot +15-T1 
Srchie Y€9 jun : +\ov 
l00k.o 
Fy -Ipcs (\- Yes rhe 


Vel <0 -(+15-7'lp)= TIp-S 
Then 7. Sy fy 
ee ce) 
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Jaye mA or 1-3 wR, 
Fw he iw Ved = ZY: 
Te Ly = I 3 mf A Yo = AAAV 5 aintekwn te aoe 
a te devin ODoOd Le in ote Ah 
oe kasd ard Ve< LEO 
Ther Neo 10-22 +8V 
pn Rete. 
Vp = Tip: +1V 
ee Voe Py i hen SrA Oe Ae 
Be ee at wo nes Aare. 


Assume ane off ae 
Fy = Tos, (1- Yt)’ 


= Bhar AamA 
Vink= Ven op dp H 1553x324 6 V 
Thus, Vy = BV okich means 
aged ) a engi assumed, Thee 
T= 34 amin Wonad Vf p= tr bV 


Obviesly crate LIP Bein hen =p hte 
triode fegion. Thus, 
)-p| 
2 |2(-0) a mart 


R = _Vpp - Ub 


toh nw An 


ae pss | 2¢ . VE) 


: The hohe. 


hi k en 
sgl at 5.35 ~ 664. Sf 


ats thle wale J’ (3s deterwined 


With shis Value uf Fy : 
the No OPO has Vv = 20-0-634x4 = 17:3V 
the ig devel has Vp S2O-O6G4 55-65 = NEV 


(ee (I- wal oe =2)*= Ima 


~ (=) ee 
ps5 


iw Gein 2-9 Ry=-2¥10=-20 V/V 
TUN AAD Ee eR ot NEN he'd PARES Rr of de See ae Pe 
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peek - ae Nee pane bes sighed a7, 
Beistpar pci Wine vote. Oke can hla 
Vetere iO FSV OT deme Arma met 
ACRE Like Band he. 
WAL ura (eel kek WAS us. easy Afae 
lia nshateievens alien re! bine ara 
os VPA Toa te ey Sy ay re aN OP RF ett 


= 2™A/V 


Avia ular Wavelera— 


pu ieee Ff gets «SSuUmed. 


ete rics a isuhsnaen(an lo. Chad im fig. 7.27 


Ae ee Rave I+ nto D0 VYesighenGes: 
2 2-4 » A ote Ces ai & ; Lr Series wie 
an Wine ae Vesistante. . [rom tie 


results of vba aT. Sik) warn Vee Ly = 2-16 oh, 
es 2-75 A/V ‘ aA R= 420 2 . fe our 


Case here: ne howe 


Oe ge ie) x nai 420___ 9.7 //2T)k2 
Ui Ai Ug ~ 420+\00 (0:3 +-4 fo 


=-0-30%8 x 2-12 = =\-1V/V 
mrt gine fast te 5 f 0-4V we have 


Oe Resa oh Ae: 
4 GRaNS iaread if 


ty an wae et U: of er = 0:974\/. 


7A Refer Be sees wasp ets Tee as ET-N. 
Ve=0 Vey sl0- Ix 4-0-41I5 
re 


12 StI) > Ibe eA 
i ae pe = 2412/3 23 a/v 


Vol Gaus Uae eco 
{Ge Oe tan i 
4 


x 4/74) ka 
de aha + 3 
= 0:78 V/V 
oe ie 4ha MG) 
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CHAPTER 7— PROBLEMS 


(> \Vvel) 
Sia Une =1V ,ter aa 
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As ‘Mus waked Nope : ie Jt E 
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ie oe 2 
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SAN Sud ree Se RS 
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em ty Ba one 
i aye (¥) 
lp = 228 (\-1)- 5>A/V 
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i = se) 
ie aD et) | 
3 : 100 2 
aie T= ie © Te te 


Ue = 0 , oy =loo-R 
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Vee t5V Vy=32-20-H2V 1 
R..02 IND (7 Hee ore ka 


Goin = ante X (0 ka Ry he 2x8 ae =4m/v 
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(12//0-8)M2 +1DkRM ih m2 Gs/e)kara 
3 


VAY 
Rn = 480 $2 Rew aha fat = 3462 
Siyret Sing 
Dees ins ata te Ci foc Gi, jeiire tank ftir 
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CHAPTER 8— EXERCISES 
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Use cide OES AIRE 

ai pis: cease 


lp ee Cae | 
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doa tr -2V “wirkerr the olevie ae Te find Ye amet te Dg We Mee eqvaler an 
ae ren A i as Ves fe supply and  Subshhyte i p to 
ave on Ci. €-+20V)" at which ROG Hla. ove. ahs ss P (10- V,-)* 
Py eae Ld Ne fe Pips jhe inch - off wert afr Ue. =v, t 
ae a device wit oe oY Bor IDs a as 

moult in Voy = OV ond hus Ve = - OV. TL The abs Lg will be maninum. (Worst tase) 
Vener He Nees ‘eee ay Bit S) now alan Tv at ts Arianism Cl-ov) avd Vi 
be -4V. 


ia tenia pict vabre (I2V), 


(lo -\.2)* 


ye 


= 10°2 2 


8-21] Vz=!V 424 B(lo-D SB BMP 4 H2V 


a Wg 
eV, 


R.= 27.52 
4p. Obtnin Deh Ves 
me be. ho “Obeid, Sram 


2 
1=3%F (Veg -!) 


id 


«|MR 


“an MS yeoere ee = ore) 1k 


The jnstantanens ower 


“nea ja yt Fer is 
p = Ub tp 
=(7+4 sinQ) G-928'-@) 
= 7-1-4 3+ 8 + 8 G-0:28176 
0-64 
= 7- 0:4 six 9-0-2(4- 3 26) 
> 69-0:-4si Oto0:| @ 2 
Ths, Pen = S10 


a. Bie Vrms ti w OLY VE): Soak \A/ 


pe 2 Crieyle 


=). + ee “f 


where f= B (Nes-Vr) = B (5-5-1) 20-44 A/V 


Thos , voltege 

Taf 
a pone d 

oat 


i ein sax Sia NV) 
Pye fey a 


jeete 


Z 
J) Serene 0-9 V_pek-ppek 


Vp¢ =Ve¢ where Ves 


do deperminec b 


Pier 

ay 

oe te tx 1:5 CVeg a a 
a RK. e: I2-Veg 


ie B(Ves-V, Vy) = 15 x (3-1-2) =1-65=H/V 


Volts Gain = DAK Oeil ia 16-5 
eee He rar we dbpin « aaa puke 


To fr ph ourper Yesi Span 


of 1-65V eater 


Wile: ei YESistOnrae Re VA oLre ined xe 
M1 \ler' $ en le ES Chap rer 2) 
We ae — - 57) AQ 


10 Ase zs 
—Thus a en He Cuwent a!V = 0:75 AA 


j—(-'65) 
sa 


B=1:5 mA/\V2 
T= $ x05 (Veg- 2)" 
a a 
GEiias ab Vp¢ 


Vpe= 12- Ip *10 
see, 110-00 
Vee = Z (12-10) @& 


Salukm sf (DD and (2) Gide Ves = 3V and F075 
Thus , Vp¢ = 4.36 V 


This, 


i B (Ven -Vz)= 1:5 (3-2)= VS A/V 
Volrage Ooty Ry LRe)* 15 XN0 = 
as Me Miedébe 2/01 Ate SV 


Re | t os = 22K.2.// 0 


-15 WV 


Ree = 


Ne = £08ka 


Gros (ct y eg on 
Ip = 4 x0-5(3- iF | mA 


42 05 (3-3) = LAV 


es 
= 


i RG eS hee ee 
Fame eee. (Nes : IM SRO 
Paes a ee tS = Ned 25 
Di, 5 5 00 . 
Aas Qt her sik. @) R 
ove 
yields Veg AV and Tew 22ma = 
Beiebocsyl AR ca aie 
Ts. snes! 
@ bhi Cite =e 
U- 


ie eel te v5 andy 


Posen lia hee Cheever: 95 
Rat a effect of Re on 


vw) ee : 
et) Ve: ; 


Set te venifeel 

hewn « “f 
Thos an 7. most PBR 6 
witk Wy anc Ry incluoled) we Aave 


un 


Vile Gre 2-92 (Rad WR) 


Re+ we. shavt Cire 


tte inpark® Pimined Cire. rede v;=0) iat eh, 
Yesult That Ugs= 0 ana 
Rove = Eee) Re 
(a) No load ond % iqnoved ; 
Gas VS KS eS ATSAVIV 
er 5 f2 //iM2~5 £2 
(b) 5S Bar Boad and Wo ignored 


Chee ENS KES eee Se eV 
fee Shee 

©) ido Sed eed Noms Zed Seen nlaatae SBR 
Gain = -15x% 4-654 -7 W/V 


Rie Sha fec7zha» 46540. 


ees 15-Vos _15-Ves ¢9, Ina Ro 
3 
(a) Fe = 05ka: o—| 


Sine banesus § sslokow - (1) ancl (2) = 


resulss in Veg = 6-31 V and Ip 13-37 mA 
G,. = 0°S (6 31-1) = 3:66 A/V 


Gain t - 4 Ry = - 3:66 X0-S= -183 VV 
aye ska 


Seluwer of W aS 
Vest 2V ard “Ae 0:25 mA 


peed 5 (2-1) = ONS Ay 
vee Ge~=-4 R= —0-5%50=-25W 
R 


eX BO RQ 
ae Pfs g- 2g and 8 30. ie ee (8-23) 
dacib-s yes a. Me) aay eee Cue e Weak 
Fy. 9:28 0 for rhe a LU; owe 


eee 4 (2) Gun 


which 
Q, Versins an tha inch -of f (active) i es 
is rey oe it Tle . cardlin ite of 
om ened of th. new chwactrishe (which is +& 
per f fc. prowafer ChavcttedsHe lee ie cleieiba 
by n. §-23) Gre Uz= Vz, ave U2: Yo Ve 


rn Wee send pola ates ie the star ancl Gf tea Sac 
line ase obtained an pillows: oy: 


Svbsrwre in &-22 : = Ur 


whch G enievs ste Pied ve rm) and solve. tk 


~V+ (+te point aA 


Bey Cavan 4 viele! S23 Age yesu ly 
ye Ur Z Vop + Vr VE e Up i Vp — Vr 
Beate * I+ a 


[8-24] Since g, and Y, are idenpneal +15 
and Q, and Y; are identical awe G42 


V, 
See shat V3 = ~\, % 
‘ V. 
rodp (4g ¢h Or) Cole 
=k lig (Va -V4)" Oa ; 
—T hes: 
& ViaNos See Me) QQ) aha 


Bo NV -M~2 Soa 2 
i Vy = OV (ahceh shnld be obvigus 


eo 
Subs hwring (1 => V, 2 +12V 


The Ve= --I2V kA Ts + x loo(Is- 2-2) = =50KA 


UVz=0V => Uj=t4V Rae 
Sis SOV Ae VOL 


Were Vop u dle jormined as 
plies: 
B. [@o-") Yor-& Voi | 
= + B, (10-Vo.-!) 
> VoL = 0-07V 
The full wise Ne \ +» 


Bz = IPA/V? 


Yanac is 009IV=> qV , ei % 
(A) We woh fo Es He yale 

f Ur is whcoh Uy = 09K: ° V. 0-4 
ts bf (lo- 81-1)" Me 

= tK1X 081 = 0405 KA 

GAO 9/2 B, {Uae Rarer gh ia 2 
) We wish to fd He wale of Up at which Y= of 

tye tx x(lo-oF-t = 32-3 KD 
¢) wit be in Wi 0 ce ve 10 , Sha 

32-8 449 [(Uz-) x04 -@ ai/) => Vz=2V 


(13V 


In veg ircdlle: viol te: abs a range , tha: 
oe ae feansfer Charecterishe js 

--7W. 

At He. eee g ee ou 


Sw in 
a 
at Uy ASV aha 


vivulent  Yesisimnte f 


a ae aa 1s z. ZAiwere: . 
ae e eo (ess Vr) = | (10-4:5-1)= 4-5AA/y 
Ths Req = —— 5 NO = 222 hao 


a ae an @shmate— va the. fo/, A- 
Go iy In Ve (+O Vi se—finnre cox Le Stee ae/, 


Ios -. 


é,= oe Lat CoE a KX 222 rare y 1X10 = oti f= 
Ux. equahyn G:26 ) a ves mere reCise vite 
Py” e 
of ap ar be obtained ae 


(ee ae 


y Gra Ee 1.98 5 
2 V>pV0) (xe KG gL aes 
Ke fer fe Py 8°35: Vr2=-! ive. Vp = -'V) 


ad B= YAIV?. Ths Inge L RV, = OSHA 
Von = Vpp = SY Voter Vou in By: 25d 
i fond a3 folless: 
Gis inte priode rim vik Ub.-t5V 
ad is Clee a tuwent ae dss of 
GQ, the 
0-5pr = 10 |(5-!) Von ~ 4 Von] 
v1 Von = 0013 V 
ak y= SEN, Lies on He A'RB 


ent f He Pro 
O +o ja +e A Wa lve f Uz 


Wt Marre ? tor be jn Ie oe ara @, 
0 be in Prince reyim sh oe heir pats 
a 
Lxiox (Uy - 4)*= 05/2 x 25 _ (45)') 
—- Uy = |-27V 


Chavalperis ic f pe 


jer hes jn Ve rye ) he Seqment RB rh ef 
abe Wane 


line gt =U; 


Chervatievishe lo & Mer rea| Stracg ly 


Ve whe \ to eA Cal 
maps ($ -30) fe be 


Vy, = = . 
, t }+ = i A V By 
an a y leaves Inc “Lf 


ca ee V.-Vae = 0316 V 


rhe net Y= 2:5V_ lies 


on 
ona and the ieee Up = Vi = L316 V 


f rblem 8-31. Note, however, 
shut he 
wl mo L 


ment EC 
te be a 
Vervicad SWar rracaht+ Jing 


SiR Cay NG of G, aA G, are 


hoe Neverrhedess , +7 rhe 


dnt @ bizined Ave t- Re we shall ass uma 
ECan es Wet Ver ReR Ey CTL was 


Sham mom ba sAcerth, fry Un Us. Vt 
oe bias 


lal Vos g = 1316 Vo & Vpgly =5-1316 =3:684V 
ta tie ee 
dpe 


= 10 (1 316 -1)= 316 “A/V 


Ont Koordinakte ave 


wW us te 


foq = 100 “9 eK A aS 


Ths, Gow = —-3-1€ [31-6 /100] =-26 V/V 
WE bie Stele tine AE patna coh reqlecting Hu. 


ect 
& Ke. ae Va, ard Yon Fre aquivc 90 Ae 
afr of Re rd ndy be h bl ad 
kerk be! sehen inka. accent Of. ao 


by anlyainy th. zy ‘alent Ciceak share “SU hen 


p 
Se 


4 = Vg - UG 
Re 


= (6-5, Uys) (Gr Uf Coz) 

= (mR te) (%/[ 2) U9 aN wot 

: lo Us ) we fe )( (o,/[ fez) 
Gar = Ue . PTA C 


ae (Ge) 
--f. Cla /[ eo puientee Pi hs 
eal 
Fe Ree 1OMSU we oben 


i} 
Gow = AN ray 1 ie Eu | Neer e es V/V 
\+ oA —— 
@) Vpp= +5NV: Vow = +5, Voy 6V Vita 
ie. Wack the ja UA ¥ any 
f mag. yz0V 2 


pis Gent ie pO ky | G,, 


ie fs hia hao a 
wa! 4 G1 Vyp oe Cage 


UeeOV , toe GC, Gl be off and Ge ws 


pn Gh. tance VES wir Uses 
ee 0-1 Vp: Ohne 


me 


(Q) fer Vpp= SV 

i= 60 | (5-b) 0-5 -@5)'] = 172-544 
By Eee Wiss OV 

t- 60 | Cis-)x yeaa G50) = 12 ms 
Vol eancnonessdrs | 
Cuwe nt shat the 
2 < a ; 


Kaper P 6-43. e ee u, 
2 “9 OH, 5 wll Az Aor nl 
jn at ce ch —off qo and Ti 

£ wl be comspent Yte1B (Vop-Vt) . Thue 
Ye wl fell Binauely 


0 
6-9 Vpn — ( Yop -V_) we 


oA Me Xhimurnr_ 


cam Sin Sey ay 


x BCVpp-Vr)" 
G 


tey 
V+- 0-1 Vpp) 
bute 2 CoG Oot pp) 
if B © Vpp- Yr)? 


Nae? We have aanumtol Phot 0-9 Vor oo 


SUES alter se 
Beyond tH ) Pr enters triock a ey 


and the gia? CvUvrent d be chnies 
d= B ie DD - V-) Y - ou, 


Thus 
1 ae 
-c4 fe ee (Vpp -V+) Uo 2 Up 
Y= t-Uf2 
“dup = lé dt ap) 
(Vpp-V4) Y =< Y,* G 
Us Vpp-V-> 7-0 


Nae: Sn n-() we aasccenre— shat t=0 le 


othe es p- second! ae 


infenn4t- We- Lhe asanna tat 


Hein impervall (& 2), UV 
ike dg ip, lawer limit ° oy fo ligad 


on ee é See shat b ec “hanged. 


Nw 0-\Vpp 5 
ee: ge US sche sg ot (2) 
oh) GG os 

js any 
I a [ H 2 Cee Vo | eee One AB 
Vp V+ Up ie oe ff 
; F DVT 


4 = econ n 2 \pp-Vz pa 
Bi B (Vpp-Vy) A AG me | 
Fr C= lo pk, Vert an Be 6opie 
(W Vpp = 3V 
oH : /0-4 ms 
Bek Syl Ze Oia 


tate 1232 ZnS 


cee 


“Phas golissere Ge athe. dea, eth toe ay 
n has triods requm . ils ie. Ceri ved 


pe Z Gy mh : . mas Paves 
om Uy zie Vio wach Z we t cater 
jhane thet te OfE ome 
ty evalretid will ae fe he hae 
taal tana ll a 


Ge 9 = 34.2 ms 


Vp 


D 


See fy. 15-7 


In the resf ines ¢ Kaange Ss shelf Beater OV. 
To ser he Hip /f! S shell bax be race 
te Vpp. Ro veet , R shold be raced tr bp 


5c SUNS | 
e, is off ard O be 
In te Aieda vegio ark 


Ups We Con Wrizpe. 
ty = b(hs-V,) Vos 


= 30X97 (45) 
Bat , Ly = = Uy, a 0-02 x16 U, yLA 
Solving Bhs 50 equalions dields 


Up Ble e 65S V Re Up¢ = 0-345V, pies 
———————— F D mA 


gas switch YesisternG is 


Rey en = os% = 3-706 RQ 
(b) Up =-2 V 


Z,= 30 X 6 X (Uj 42)= 160(Ug+k), MA 
t,= 30 (Ug +5-!) Uyt2) =30(th+4)(Yot2) KA 
Uy = - @, +22), =-9-05 (42) [30(tp+4) +160] 
> Up = =1849V & Uy Vena: 0151 
Get; . tibat = 0-037 mA 
Ready = 2!) 24.063 22: 
37 —— 
() U=0V 
roc!) t- 1, =0 
ee he solkch’, yesistents ule noe Hoot 
Reaiser = “ose I Moye 


eg ee te fle aa Me £9 
30xlo> xX A é We te 

= 4.167 ta 

Ct 


8-38} @) G, and Gare idennicaf, shaw Vy =45V. 
) ty, = lp >18, (Vo-Vai)*= 6s (1o-Vy Vy) 
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= SGU aed eat es by ek Le / V+ = Est = 20 mA/V 
Tapas adel ee te Sipe 
; ; Soko ~ 2 O., 
They Upe2 - Upe) = Vi Sn (tc2 (tex) Ur ee = oe 


Foe Uo= Ol mR , Uge =0-7+0:025 Ln 0-1/1) = 0-64 
for (c= 10 mA , Upe=07 40-025 Mn (10/1) = O-76V 


U,,=U, &3 ¢ 
“yee ge fee KET Usa 
tev 6. / 
Ui “< a : : ng 25 
€  6-84+0-025 L u 
o4 


. me 1 4ACMA _ 14.46 x 
goa HSE = ae 1 2 nas 
‘ ~ t ne t 325 

hee Ot Op ot Aas + OF OLIA® S50 “Thus! Se ee Ok3: V/V. 


Te i el Suet ES : 
B Bie 51 = 18-224 


Te = BES Tete $0 x 0-93 = Of] mA 


lO 
Stn Cc te oo 4:24 


Fe or ae Kes 0-91X5= + 5-45V Bap ett Ape 
This phe fransist i Fash achive mode, as astumed + hen she Wwansistew is 


Saturetsed , aS assumed. 


Se thes 
ay a ke 


Cvs ‘| tha 


lnvetter ancl 


he Ne reve 
Cer ge). 
Ce CAEN ones 
where Se CGje +) Kp 

-ta/s 
0-7 ='V, WM e 


(V, -V\) eas 2) i OF 


tals N2 =v 
€ Phat ANG Boe 
Sas i Lear) /(M -0:7)] 
This, 


fo CG +6.) te orn 


Taine site tare Oe nll aS 


Thus, — Upep - ‘ie pt Vy ba Ce2/%1) 
At G.ztmA , Ue = 0-64 tedm (1/0-) = O7Y 
At tp:1O~A, Use = 064 + VAG ANG) Cd 


Be es lOO ™A, Upe = 0.64 40-025 tn(ies/o') = 0-81 V 


Ce = 1-460 mA 


ia : i la = 1-446 mA 
to _ 1.446 
ee TC ai 
Xs paces 0 99 
a 56 Ope Np 
ie oe 
1-446 x6 - 0:°7(0-025 
= ( 
07? A 


a Une [nV 

Gods aa” ; 
Thos, Vp - Vpcy = nV Ave ( te2 /te) 
0-9— 0-8 
0:025 Ln (100 10) 
Tg: 200) Sao 
ee tae 

= 0 


MAN Voie 


17.6 | Trans is toc igh Ac hve. noo. 


[ransrepaeZ, ee ye ff 


WL = oa aly 76 


PYransis pole ‘ Sahraho~ 


eas - os Ve 1oeoy +10V 


Vp =-20+ 8-45 X42-11-55 V 
Jf re eS V, ddb mensuved and oA -20V 
be -l07 Nee we | Comehele tae Ic musr be 


Ytalev eee 9-45 mA; io t Te mush be 
9.3m). Sra Tp abr 7.3 mA thon 


we cote thot ol. mish be Si werametee 


oO) ea and Peas: p must be Oy ag 


Ve = -l1-5V. 
Sf ates Collec te Wood we re 


—ZOV 


ates Sag We se Pai: oe ferme rel 
Condachng diecle (tte) bake Lenites Jenene) 


Connected In Strnies paees VO | Bae he | resists 


ACT OoSs a lo -V Barely: ary seth ae. shoff 
[0-0:7 _ 

chad Ge (<\ 
aCnss each o PUA wo Yesisty - Tine 


Va = +4:65V amd Ves 4:65 +.0-7=453 5V 
CT his) “aes ures rket- Vz ae) 0-7V ) 


have. « nlaldaae cs 


Cea Sine VUpe eat by —amv/°C 
Rene “the oa at Locah'on A go 


LS woe: OC Se Bae 


002 
temperate at ene Pus 25 Cp eales 0-560 
74 sil 
=+100 GC - 
. IO| At room Cemperatryre, +IV 
Veg =0-700V paVes ot O27. 300-2 
Te =o! = | mA, Fs 
‘ae : fs 
to ~Te = IhA Ae 
Thus , Ve = —lOt+|X3=-T7V. 
-l0V 


oS be. te valre oy 50° € 


causes Vege to decrease by 2XSo0= 100 mv. 


This Ve becomes +0-6V ard J - SES hae 


Fe an 
Thy s Vo becomes —(O41-33x3 2-6 Vi: 


9.12] er Veg ee 


igh Vo “at hor an 
be a lied ak the 
base while the. bor 


YCmans in ha achive 


be Cicect lcsqram we Can write Vey 
ie Me - (22) We-e7 sie 
—> Vaz 3:5V ASM. 
of B io es tery Dare he = | and 
10 - ate _ VB -%7 +o 
af L:2 
- Ve = 3- 233NV 


~O-76V 


o\ei0-76V, Tek !OmK and Ve 
ie Ve = V-Vae~e = loV , oF lO mA and 
Vae <0 %V- Lz = 10h 


(b) V=\70V => Yee=-070V, Ii, 


2 ETO Im 


‘() V20:59V , Vee 


(© V=0-74V, Vpp= 0-64V, Ve = 01 Agro). 
= 0:7) mA 

yo oareave Ve = 0-01 V, 

Le HOO By Ae Lm 0,0) mK 


es) 
Assume achve — mote js ieee 


Bro7V Spe eae 9-3 4h 

Te = 943X150 = /-395 mA 

Wea NOnT315 X33 = 4 V 

The dlevice: ee jn ha. othve mack 
as aszuweds. 


Va-0-7V 


3 transistar vemains Ia rhe athve mock 


Aten: Te = 400 X43 372 mA hich wo 


Hat Vo = ete pa ossible 
“ey 2. pee: ¢ ier oe 


SiWehn iy jm lies rey eae A Qac Ay IM 


Ip = oe 


Ig =49:3 KA - 


off e ~ mote Operah(qn. Ae jnCorreck. Talis: 


Nest ei collect Gaaees wo OV 


and jo 'abraind ae an extreme Cece of gos 


Sabraho— jonode- te Viste: 


ta Lia mA 


a Ve = 415-4341 
se = +10-1V 
look.a Ver 5-0-7: 4.3 
)i,-*3- 4:34 


47 +15V 
+15V ito 
obka ka ey 
> |(B*D Ip 
10k Q 40 po. 
ici: A oe AR aa =0-0365 mA 


B* Rat Brpxieo 66-7451 
Ves 5- Tpke = 2:56V 


sete Sea =}).82 mA 
Tez l-8omA To= #7 4x1 86 13 


Vo = IS— 182K = 13-15 Ny 


P18] 7. 43 


6-6 7+) 
= 0 07456 mA 


(@ B=100 
48-1) Tp, 
(048-3) 1S 
mA “Ve +NV 


Vy =- 0:098 V 


2-0OAV 
=——— 


STs Sake ag 
StS) ra wixts a) 


93x(B 1) Ig, + 97 = (0-78-1g,)* 10 > Ipa= 96 HA 


log 


Fi ee 

fey Totuns3  S3/K4 a 

(Bt) Ig2 x 9-3+0-75¢-83-Ip,)x 10 
ey Seg = CTIA 


-10V 


2(6 +) Ig = lg 07-9 
202Ig= [Ig i 
7 Ie= 4-9 KA 

L@rVIp = 0:°497 mA 


q.-= f#te =0-492 mi —loV 
Ve = 10 — 0-492 xlo= +5-0 


Vp = 0-UIg\2 0:49V 


Piss ome li = A= 100 . 


+15V 


5-31 ¢)-07 He Va= 0:44 +07 = AAG 
tea ' . teed Vo =-10 + Chol x 0:54 — 0-091) X5-4 
aX3- 
A —e Vee > —7:55V 
G9~A 
Sis 27he Vy = -6 25V 
9.26 Use /V- 
Node + Cate - Node A=> or uA Va /V5 
15-3 Je; -0-7 — Te, _ odetey G ¥ 5 € 
100 Bt! 33 ; One Hi, 
3 Ip, = 0:73 | = , 
q, 7 = (0.92 — ez 
2 2407 (0-92 : he 
—7 Te, = homer 
Ve, = 410-5V 
Veo 3 +\12V 
Von = 1:88X2-7= +5.08V eae a 


25 mv 6 
Te) x5- 4 = 07+ (i-Tel) x4 = 2305 53-8-2 
>le_\= 0:5 mA 


Vn =-lo t OSxks.4=-7:3V > b= ~ 7.3-67=-8V 


= OY 


2D pe Hansisher fp a tn wot het the te-f 


“2 Ig) Collect Curent Car be “x vegsel as 


(1-01 Zg,-0 091) x hg 
= 0-7 + (1:09) -"2Te)X4 


> Tg, =0:54mA —l0V 


: U; V+ 
ee ‘ t,2 0-0 J 
Now if we define cut — ff ae TOR = & 


thn T= 115 mV - ene shor hanol 
we i CUr-0 oe 12 0-05 L. Lede 
v= -75 mV 


hes Ja YeSiSjQn@ ee ‘aa 
Ro t Ve! Hooba. OO CIES e 


3 2 ae ENING alross the joc, 
ray Se (, lo pind U., he fies ibe 
Hg 10 me Vi rte the. lice i want 


OY beo0, KVGA my el ea Ve 


9.29 +1:5V 
B00 LL 
lo Ru 
a % 
jo) 
a A 
dc ana lysis 
Rj (B+) Ip = 5407-10 
6:3 
a Sum 
12-5 Cela 
P= b Ip a Beye 
(a) Pare ‘ Joe Ber Wa 2 ON 4M, = O-7V 
(b) B= 100 : Lp = 0-83mA, Vas 0-7, V= 0:766V 
aaa 
UY, = oy loka £ 


t+ tr = 
ee, "nd i sta) fe : 


+ 0:08) = - UL che 2-1) X Ong’ 


Es ‘ ~ Ga-0d X08 

U; aah 1-08 
(4) Bos J.=4OmANV , = 2276.6 V/V 
() B=loo Jn 235-2 AN, Z 26 Ve 

Th. input tesistane R rhe ow 

Fe eR 
eat nih a ey = 

Thus , tt aac na Ce 
(0) fev Beco Shas aaa R. = 32¢€. 6&2. 


(b) For 169 = 2.87h2, 726, R= 528-2 . 


/o jad. the | fs esk rhe fo 
tee Goes Gig) yen ay ce 


de anata 


to forward bias wed Collecter— base func Agr ie 


ad mich aS O-S\- fidvus 


(a) Bae the ave Bs 
Can be as he has he aia ale 
Ae ree n is ae atl 0) ee 
(b) fort 00 , J pe Eas au L sored 

dey eS 04. fo IE V, she 


Ha ee MD avec - fp -~peodk. a 
Melpnse jo 776 mV\. This Colresponds fo 'an 
input si ey TE = 30 mV. The zo ul 


Swin4 iv ie yy the oe. er LO~ 
art maa Hs lineeril-s 

ice aha? Hs U shols mor 
bru «har ‘/omV ie ea wht 
yesvlts tn an ov si Mp4 f 520 m\/ 


ple 


3-14-lolpg 


Tg= 8-67 wp 
Vor = 14 + 00867 
a eey. 
Bris os 6 43 = = 0+ Gi, NM, 


Sonal joe miele = gael Vaca 


Ge Ze = 348 oN Ue 2 \o ha 
V_ tahoe — 


Us CFU) = OAV; 1G - FU) xke 

Ux = =U; (4 - ox 1-6 

2 = —B47XI'9O/.6 =~ 47-9 V/V 
Using Miller's tharrem we can Write 


K; = Cs Sa abi ore 10 ee) 
(lo ]2-87// 2) ka 


heh Bo Miao SP Oy 
ae rae sine'-WJave. ee Sigmon 
which ~ distwion 40 vdgP Oe ery 
CA en on 


In ioe Sickie () 
Sinuscgl but b 477 mV & 0-5V 


arn w 
peak. ies the. Collettve Gh ne 4 
yee delta yen Vo 


9.3] ol: 43 mA 


de Bho 


BU AAR «Ue 

eV UL , 
ee SRL Xx 
arankilta SBQ 


The. pvansis toe Wemorns tlOV 
; 0:5) mA 
jn sabeation. Usp chenges Th | 


o+7-6V 
mt5.3V tm +7-3V +6Ve 


(hus, SUE = +2y). = 

U Changes Vag Fe 
+7-6V. Cthes At, =+2V). = 
hctehen the. 


+ | and om base be Colleche~w “a +1. 


Ped dee deena Zs 


Pitas pe. transishe spercis as a three- 


od A hak model ors a Sahbtratd Lysis tor. 
ey 


T.. ote -0-7 +10 


-loip -0:3+ 

Le rt e- 10 

= —Ir + 0:97 
4Fe-Ipn+I 


Tht, Dp 2-2Ie+)-90 


=> Tp:=-0- 63 mA 


Wee 63V Ve --7V | Ves ré6¥ 


T 
2 20054 = {-13 


oy ween et or ei (EA 
orce Ip a) 3 —— 
Th Aransistev wl yemacx~ Sahratid 


00 Ch as Le Pp is | pa sl fetid 1-/3. 
B= 100 - 


te the Yesults: ¢f Exam plen C/3 anol 
1A ‘ee 9:35 and 7:35. Ble lndK thet € Canoe 


Of a> ‘Corapleontn ior mmeHy 6 flo ci oe) y ty) .- Uf : 
fa dt bs papper we "ae as ie ob 
Characterishes Wz < +10V -U Over ir a range 
rhe Re ecg es wow be off ard ae 

the ise a ia to tha gna ie loka 


shawn. 


Fr o<ty < Sho 7 Crp p rx) the : U5 
frarsiser wl he ff or genes Le 
a megligble cuwent!! and YG be 


107 
tf lr Uz >o7V ¢ (-) rhe pransisiher 
Yrs on and operate (in italy) tn jle offve mike. 
The Omit Covent wb 


= (UE 0-7) / (1k + wee) 


tex Ue A ot 0:9/ Uy — 0-64, mA 
I 


Thus Uy = Zex'ha-z OF Up -0-64 = 6-9)(Uz-0-7) 


ibe: Jrrans! stor wl remarnr in the Ache moo 
yenril the aso ber nna dare -hinaet by «bat 


0:4V ow so, ie. unr | Vy Feaches 44-7V and 


age Oy ly racks AL+07=+5-86V. From 
aint ens bf Rransi steer anes a. Sabrat . 


fey on anck ee by Riles P Corea ) eu 
bo thine co thal a Paina p Wale (doy. 

Ve means ta rIximetthy 4-7V. ae , ee 
Uy) increneee “bh ao the fransishr bs 
olinen ay 47 jnfo- SabroMigr , 
a Eportee! i hes fected a vera eanrie 

+586 CU, < +10, Uy ei eo Inbre ace 
TO AB a ALT Vs 4 Ain ree el olteay— 


afta tt to tbe see fa C haracterisee 
ie 


shaun belo “ 


y, te hae! vale 
eniers Oe SaNrahm yeqin. A+ thi aint jhe 


Uear which. a BIT 


Collect - base funchign Z) 
(appre) 


sywart bLiaareA by above 
0-4 ae re Up 


40-20 and pe! pansister oC 
Pi hame) at aw ae Ale Nowinat 
aoe Sek usw ieee w rite 
te = (Voc - 9:3)/Re ane! f= iter 


Uz—-07_ Vec-0:3 
Kp BR 


Subs nw Uy; = Yq. © brmins 


Vg=2 0-7 + Ca) CVec = 0-3) 


19.59 | The Fiyure shew 


the RTL inverter 


}o be oles: ned, ep 


Ae cattle oats oe 
ip ae -gUt ye 5 yy) inve(eers . 


Res? , MAE thet wher VU Vz aie Y, wy 
be sabvraled - In plas Sti tha PAN rn Or 


acta tena Sheabd belt fee ry 


LmA. Thes Wee or 2703 . ATE 
Sa, censicler oD case Uy & bes aed 
+5 +5V 
Q, off In Hao Case 
4:7 fae 
Civtnk Me cotas ao Shown avd Lee t 
We Con Neire > See 
5 = 4. 7X Ske + Rexdto7V ehzo 
SS Ry sie 2toiee : 


Fete +0 Py 7-42 - When 6) = Vec/2. ; 


ab tvansecter, aire 


rafin ax the ath ve We 


wit ie Vee - che ee Ne 2 of 
Te al) 
Fee. Si y Ia 


transfer charethessnc 3 2S the 


Aa rae at this may: 
Consider ae Increment ‘in Uz , OUZ- Oey 
we have Af SUT ne 
‘Sheremek alee pees Vee 
é€ Tey ee eS TC r 


aint, J a 


When see Collecter Cowernt 


be 1%, of metimum 
Upe =0:SV. Sot $ 


He burn on ae heGl 


Gepip» sy. Fee 


— mg 
= 


To raae oh turn-on SPT) Comnech aX 
Yesister Res avn (Dia SE: ‘kas ae jnocatid - 


Now wher Une ome OsV and agqa~ ak ony 
Lie ‘2 p Ae not peat VU, (which is +t, alin: 
rn-on res = a Kp ; 
of tbe tura - thresheld) = © 2 te) fete 
a pym-on retell Yo (OV, Bee 2 rhe 
B) , 
Re) = Kp /2: (0/2 = mi Yeh. 


© +Vec 


This cirast is a Cisteble , ie: has tro 
stable states. 9¢ Can vist in either state 
inde initely until trigered (by applying the appropriate wale 
of Vz) fo change State. In hha a both 
transistors are cut of and Uy =+loV. In the other 
stoble state both transistors “are on and saturated 


and % = Vaely : Vecset |g = 'V- 


To derive the in charecterishic and the 
alee Characteristic |/ assume that tha. Lh Circuit 
is inl the 6 | state. Let Ur increase 7 okie OV. Whe 
Uz=0V , tz=0 ard Un= tlOV. As 7 Ur increases 
above Ox. (z= Uz /2-2k-2 and Upe| begins FO (Crease 
obove aes: This causes GP te Gi begin to comcuct. Its 
Collector’ Gereent which will irtaBy ote small of 
comsitie the bese cowent of G, Gantt 
eomduck and Supp! acuwent LT +o whe claph nePrerk- 
(Sec Fy: 4). n phe ase bork 9, an ©, NS be 


a the athve mode. Because Gu +\0V 


Canduitin an small Gwent , ks base 1kQ 

ie ae all be negli ‘| small. x{ I/i06 
Hawe ver, ty bb mo iy ac 

Uy /2:2  vatber ik WW be 


) 


gunllar orhan Sher Pret hermere 5 
ao Uz hs increased! he 


vansishes Comoluct more 


cowent and Cy decreases - Als ae 
on trample let we fra gl dats 
f Uz ano! ts fr T= a(mhp. Bh +he Cas 2_ 
“a collector Cuwent 2 G, wt be O-| /\o\ * Vueey 
anh thus its Yar wW be 0-7-4X0-06= 0-46 V. 
Thee. Dae GAL = 0.23mA ard tre 0:23-O-1= 013A 
Th. nee Nalve o Vy JS 0-46 + 013 X02= 0-4 KV. 
As Uy is increneed, a valve ww be reaches 
at wshieh gq Pairs Gwent J Se ge) te Ax ad 
po He Cicert nq wirG S ©0. The critical 
Neve ’ Uy con be cal Lael as lows ale} 6 
hen’ Uz= Veesrso7 +0025 nu (E85) = Tx 2he 
Se \irancunee ee nee Vesulas in T= 0-246—A 
ovk Uzsa-492 Vz! +a-5V- 


Ducige) Uz es Cauzes a Cuwent 
[ntvement jn fo- the hase af g, : The collec her Coweat 


of g, in Cvenaeee ard ee Collector Cuwent a 
on inCyesate CVver moire: Thos jn turn Ineéveseas 


Ha hace Curent df CO, tven Vetde ane: pha: 


( 
pestnclste ache ( positive feecbect ) Combines 
uns 9, and G, bark Sabtat. The all ocors 
crivicel walue of OSV 
Caran ard ver renee USseite Phas Coeel 
pi Mita dae = Seale ks wrk Up =tlV. 
On shia Cose +e Cowents 
ard wo es become as 


Uz Cc lose +o 


Blimak nic Fy 2. The 
vag Guwent nes ly 
= S27 © 

teats 
=T hae Uy =0: SV, Uy, = 
(ae —\Im~A, shed 
Uz = O6V 1 452-0-SmA, 
Gh Seon het 


Conve now wa aye lite “ce 2 
ef AYRE as 

Now let uc cosider reduchq Uz: 4+ 
Con be Sean eee Sh aere og ec) 


pransissers 


CONT! Vewwaern: | <@ty cated » Up WLP reman at aN, 
and ty wi he iWen Mt CavanNnom CQ) Unt) 


Ux is made Goh wren hs to Casae! tty 


Ane+ Wwe nt losin In tor +h base f G (i. <. 
Cpe BOSS tev be cones psa) AL 
MAimdm wale r I to q mA ce ahve 


stiurestolil Nalue of Ux is qa ft 
€4+9-0:35+0 = Up-47 =$°7 4 9-0-3520 
Ser nO Soe -\V. 
When Uz isvedued +e -IV GQ, ana G2 
off (Ca ten eae have) vos ee acho) 


Quien +he Civant Yeverts +o off Sra. 


Up pees ty tloV and ty to Ur /22 ha. 


Pe her veduchms in Ux do mat ch 
the state Of here | Gy, act to 
Chetmdie (sym) Ui) hos eho eek a gl de 
‘Gece Heeshaid of x +0.5\V. 

ey Ben He) aru) duel tile [pease rag ie 


and tan Charattenshes Gia befes: 


ty smA 


+2 


+! 


bgt ys | -0% -06 -6-4 6.2 


; F 
lh? all 08 64 -0f mS 0 0-2 0-4 [06 0-8 | 


—\0v 


“Transistor @ closed the igi rae on 
ay ednol ia) eee Since Gk us makehech, fa 
Qed @ b privices ~ Vae drap equ i 

abet f Gene Ou ates a7 yy Fi 


pte ven ter o A On V2 ’ 


CHAPTER 10—EXERCISES 
(0-] le & Fiy 10:2. 
e R, /RtR.)— Vee 
& % Be iG hay Cao 


ne i 0:7 
3-5 +(26- 7/84) 
B=S50 , Te= 0-86 mA 
B=150 , Te = 0-95 mA 
R= 8€2 ,R,=4 he d 
Te Aer 


= 


FS 3346/9 
qT; 


B= So , = 0-98 mA 
B=156, Lee o-ff5 ms 


[10-2] Refer £0 54: 10-3. 


Desiqan i R=8 a =—33 
== ! oy R= 40 kr, Te 334 20 
fe= 0-93 mR ~ flats 7S aa 
(Q) Fer Rey=0 , Rin= B0L [eiokiors O27 RR 
=247£0 4 2.5£2 


(b) For Re)= 425.2 Rae Gin 


LU ON mswer j 
book 3 1s clotting — assuni “EN sila Answer in he 


Se - 


aE 2: ig~ 


1m e252, R= 8ka, 
Rrt kn. 


(0) Re,=0 , Rye Bko //4 £2 J] (\o\ xo .025) ko 
= 13 k@ 

is Re\= 4252, R,.= Bho f4ko/ (io) x0.45)ke 
By oe Fes 


Desiqn 1 @ 


(6) Ue 4. 0-80 
Us Ronee 16-444 
" Ue Riv Si \-3 = 
ots 5" Bua it aorel aie 0-25 
b Ue ist Rin pin By eS = 0:38 
: UR + Rs) 29 
10-4 
Designs |W Ue (Rc WR) _ 4d . Fd 
= Meee Ub fe they 02640 
Ve 2 -J4x030=-28 W/V 
(b) Me, CR IRD_ -4UA) 4 
b  e+Re, “9-02 74 0-425 
Vo = -4:-4x0-8 = -3'5 v/V 
Us 
Ve. _ 4d4) = -%6 
eos JAS = 
ples poke) UL Q:025+0 
= ~60X0:25 = -20 
(by tex _ (4HA)__._ 4.44 
Up 0625+ 0°425 
Ye = ~4.44 X0:38= -1-7 
[10-5 ] (2) 7a lo mY => Up my = 10 ™V 
VU; 


smay = 10 /0-38 = 26-3 mV 
Le? Leman =lonV> Uwe = 1o(fe+ Ex) 
=10 (cat? 


Q:027 


Unny = 167-4 /0-8 = 209 mV 


(a) U,= 263% 26= 0-7AV 
(b) U, = 207 X3:5= 0-:73V 


Neale: some rec) in alCu ta Cice have otCured 
ay main owm sho be 
a bah cases. 
Ve = lot ee ~+10-7V 
= 15~-10'7 —_ 0:5 Mm 
Te 2 A 
Rs re // 3: tax eS0 


Vo — Ve K WA = Wt oe x LENRA 
Up ts Us Ue Rin t 50-2 le 
eee OO 16,000)2 
SEyRON TL  RETee 160 V/V 


Siogiiate. oe Aaa 
SN etacdie, thai af 


Collector, Sieve: S39) de 


ce ot te Collector w 
base is +10V, the 


limivech +o 2V (otberise 
Be TYar siStor Satvrakes ). =A was la, MAiwmon 

i é = oa = : 
ieee ie = 0 eh il Wa mV. 


= (7.5-07)/L2+ ersials 2:725 mA 


ee [eRe = +5-45V 


Ve = Ve + Vee = +6 15V 
Te 5 see = 0-:0665 mA 
Trp. = Ee = 0:0615 mA 


Rin = Res // Ree // (B+) [te +Re/Ri) J 


Ra, = Rez = 100 Ra, B= 100, Ye= 


Epey eke 
Re-2kn, ancl Ru= \ £2. 


Rin = 100 //1o0 // lol [0.00416 + 1x2] 


= 28:9 ta 
Ye, Kin ra ES Bane Ty 
Up (Re I Rt te $4 004s 
TGhos Ue, tel, Up Ue. 6 352x0-986 = 0:34 V/V 
4 Us . VU, ————— 


[10-10 | Rin] 2 Rey Reo // (6+) ("e+ Red] 
aint 100 // 100 //{to1 x 2-00916) = 40) ka 


Up Ao-! 
— = = 0: 887 
te loes 401+5 
Ve | - Ae Ghat Nee Gee 
x. 55 Rize Rette 240-0096 
“Thu ha tl Pane 0-995 = 0-885 V/V 
: leds 0-887 X09 0-885 WV 


Rowe + Re ff [e+ Ca eA) = S270 


[io-1 J Ve = Ve /[1+ 


where Ve = + 5-45 V 2 Re= 2k, and R,= ka. 


a hos pes 298 ey 
) é [+2 
Se. Sete 
s » 034 — 
)0-|2. 


For Q we have: 7 a (4+) 


Thu to ss CA ) Gi re he 4 


ty | Hax) Ct a? ‘(2 + ge] 
PURE See aA RC RS 278 TGs eR Dek 8 


te1 = + Sue-Us)/Vr 
Thos, foe te, = 0-97 we must have « Aiferennd 
Siaual of 
Vp -Ugi= Vz Aa (a7) = -15 mV 
Ce, Upi-Vgz = + 5 mV 


ach on Cir rk Rares 


See 


Delins 


Hele a aha 


—I15V 
@> IT=imA () Tp=5KA 
(c) CN oi = -%:3V arc tte de i ecress Re) 


ey 25 my 
@) Rud aire (B+) Cle +Re) where ez aSanr 59.2 


Thus | Ride 2x10} X 200 & 40 bQ 


Vid Rid Ti AD) ioe eet 
C} en ey ee = 0-8 
7 U; RidtRs 40+10 


Thos ae 0-8 X -so=,—40 V/V 


(f) The vivalnt Common — moo 


Oka 
hal Creat is shown. 4y*' Vv; 
xe) (Cm 
ain iow _!OK10 sialivg a So 
QXS.4x 108 2-4 z 
Sire the Py, lo we Rice “5-4 MQ. 


=\7x10° W/V 


4 i 
C9) CHER 20a) ae ca = 127,AB 


(Reem =[[(6r0 AGP} 
= (101X549 [/ 25) MQ = 24MQ 


10-16) Feb Fy 0-56) valve af U4 thet 


Canraes he Cuwent VE to be cartied Sy 


‘ [TI ‘ a 
Note that at this oe Us Veg, teroeV 


and Ussa =-2V = Vp- Thee Q, cots off 
whch series the rts Ll tle bias 
Gwent JL Voss Pheaig h A) : 


Oe aT ae 
where “ 2Dss ES = 242 /3- NV 
J. “Tpl 
us Veo = = = —( 
Th, % 1X10 = -10 W/V 


+ + 
i VU. 
A = a Ne 


— = 


Ve S bee K 8,520-6 x 4 = 4,147.2 V/V 
Us ~~ 20:2 +10 | +0-182 aA 347.2 WN 


CHAPTER IO—PROBLEMS 


| eo te dal , on eae 
i ; ee La ngh nets hide. Giwents 


base Cuwent 

hr h is and RK, are at at 23-005 A: 

Thus K.,- a Wass 
4 a fransister Fae, A= 100 » 5 A, 

ther Le becomes 


, q xg Re Se 
~~ Re a vr ey 2s + 0-43 


i-e- Ly chereases ee abat 7%- The change 


bk (Ea nd te — Ipivicder) x10¢4! 


= 6-4]7"A 


Pe and £ = oe. locke. 


[lo-2.] Rin = Rp ff G+) Cre + Re) 


whee Rea riokn, Bp: Joo , p= 22-500 ‘ 
ard Ree th. Ths, 
Rin = lo //iorxt-05 = 7:14 Bo. 
9 Re & bypassed, Rin become 
Rin = Rp |B) ¥e = lolftoixo-05 
= 3-36 Ra 


With tle emitter Yesistor maby passed : 
A xX SAQ 


Rie ~-476 WV 


“(005+ (0-05 + 1) ka 
With a bypassed: 


Ve =ex 540 ~ 
Ub 0-05&k2 


With a Sevrde 25 R= ) £2 Connected and 
ate: emitter resistor unbypassed : 


-100 V/V 


& . = 0-9 X -4-76 =-43VV > 
With fe Sar be f Rs = ga comnecttal at 


the Emittér—- resiskor cy assed : 


“ = = 077X%-l00 = —77 VV . 
10-4] Ui, = lomyv= —e— +Re xU, = mee 
—Thes Re=4'e 

Re 4 


Une =lomV 5 ‘ ig Vi tomy 


5, orher words , rat Use =/omy , fe In Crease 
by 40% (frm le le) 4M 


oe wiek Ko Ket ) | Re 
we have J. Raz Veg ns $e, 
Thus Voc iy - 2 ERey Woe 


Now we wish +o increase Re to 
Roz Se slot wisk aE Ne =10 mV, Up=0. 
By plies rhat 1-4 Te Rea = \ic- Va 


Ths b4IeRe= 2D Rey 
=> Kea = 4% Re = | ABI, 


Sine L- is un Comspant TKN as 


be increased Ly 42:8 Y, 42:3 %, 


E 

Up. Rin ot Cloke M/toka) oO of 
4 Rint Rs Ye i | i 
Fite 

AN 50 
“+s%x oe eo «6: BO-R 

= 5O V/V 4 

——————, £ 

pon thet we Can only a 


IN OgLimu me cel of lo mV ee Rin 
Reeping the distortion — al", reel sma +h, 
LASS =20™V and 1b mas. = 20X50= iV. 
i to fig. 10-5. 
ie Rel/R 
[Ke Coes +K Yee) /[Re+ “BH 


= (€- oD | [io+ 22] ]=.035 mA 


Ve = Je Re = 3:5V - 
VR= Veo \oomg = A.2y.. 
ee we 742 
ge Fea I(b+[ te + (Re ®)]} 


= 1000 |[1000 i § lol [0-0714 + (1o//1)]f 
= 82:7 ha 

Ve see Rin (Ke HRD 

Yeo RintRs Te +(Re/Ry) 


jez 7 Mow) 
827410 0:07/4 + (10//t) 


= 0-827 V/V 


one = Re // | et Rei piace 


= 0-892 x 9-927 


= \63-5Q 


The Soaps da ce | oi 
athe Ciewir se as ae ~ L ie 
N; 


ri ‘827 = Va ora bi i 


Yar 0- 827 [1+ 168-5 | = 0-166 V/V 


Vp = —1:09-0-7=-).77V 


Vo = -l-79 -0-7= -249V 


10-8 | Va =-|-079 Xi= -)09V 
| ae HOV 
ares 


10 
227-3+ tor 
10) 


= 25+ 


= 125-32 


-101x (Ye+1-4)/1000 
4 Ve+lo-7 , Ve +10 


\ 00 10x10} i 
> \e= -2:3V ‘oO 
Va -1-6V Vp == 0:9V —loy 
Tee =23-410 = O-77 MA 
lo- 1-6 
Lr, me wan ao = 0.09 mA 
Phe ATi kee he en = 32-52 
R “loka | 7 _ Looka MMe + tor [Ker + to TOV werd] 
oy Tey a Gan it 
= 122-542 
10-10 10= (Br) Ig x 0k +Ipxnokn+07 —+10V 
ie mee alate Jp $y loko 
Ve=07+ 8:4 xo =, |° 
= |-54 V o— “Bi 7A] 
Mia, U; Y R 
Si-e uy Car ie ° 


dlecrease te +03V eer 


han he MOAimonr ms Ee 4 the ov 
pencli inuseiel = /-54-0-3 = |. ‘ 
Jose Siny di : ZA’ VY 


fo Signe! Anew oS 
Node equarion at +he_ 
collec tw 

Jn +(e /io) int cts 


SN 


Uv, +h OF Oe eo, 
where Jy = Je, Ble ,_0:84-'_ 336 mAIV 
Vr gk 25 mV 
Thos 
ee eu 
Ve . - 305 Wy 
Rin = oe — " e v, 
: ; + -U, : - +305VU; 
: Yt 100 er loo 
whee = am = 106 ~3sRQa 
3. «336 
Wes ee = - = 295 S22 
TR 306 
3 100 
ee ane | Kk , Set =0 1b cfoblon 244 


R, = joROX /100 Lig q.| Ged : 
to-1 | @) oe 
te = 22-25 5a 
re (Be- 13 ko 


=0:98 ™A 


loka me 


‘ 
Kins bo //1-3 = 115k as fy 
ve 2 IS Cte 10) xo = 
UZ 10-41-15 0: 0255 Rin. 
=-19.8 V/V 
ea EL ee iad Dk +20V 
+ 
Hee cacreeh 
= 0-99X0-98 
] 
u, 
re 
Voy ~ 20-0 fxr aa he 
= +10-4V = 
—10V 
Ver” lo-4-0-T= 9-7V 
a eer 0-97 
Ths ao better  pprctiona. tion fer Ve, 
Gy =-(0-96 -0-019) X10 +20 = +10-6V 
Ven = 10:6 -0-7=9-9V dJeo= 0:97 MA 
fey = me 2552 Gy = 51X25 StS RA 
ar 4-3 of x (10b2 // Rinzd 
Uz 13+10 Yer 
where 


Ths, Rings Sl [o-0zs +5]= 256-3 ho 


ila 948.» TE? .-21-5.V/V 
mi 3 * 0:0255 


= thee 
S+0-025 - 


S\s 


= 0.99 VV 


we ~ 29-5 X0-995=-29-4 V/V 
(c) Ley 
ieee WBmA 


+ 20V 


= OO: (mA 


\ok<z 
Ver tlo2V 
Ver 10-9V 
Dg Cones 
£2 ea 
= 0-49 mA 
Ig = o58 = 6-019 mA 
Veg =7(0-918-0-01) x10 +20= 10:-4V 


Veo =H V te, = 0-96 mA 


_ 25 Bie 
ita 25" SQ ya UK25-5= 1 3BRQ 
Yez = Hen Ste Vo = 51X26 = 1-33 £2 
Ue ol CO) 2 asi v/v 

UV; 0-0255 ———— 

7 xO = = 37-7WV 


Ve. _45.\xX-37-7= 1700 VV 
Us 
+10V 
MOR Osi ¢ 
@) aes q-at aN Ek 96 9.342 
ca 
Veo AB 255.2 


Tea 51x25-5213k 2 


aye a 
R.Br +(4-3k2//1005)] v 
lok 
= 64 42 
et Gad x7 % 10 - 20V 
ri 


64410 9 .9255+(-3//01) 
10-12 B=e ; bese Cowent =0 


dc vat 3 


is shasn 


on di m5 
Va= t0-1V 
‘Te. L-K4 - 
Et v 
= 0:36 *A 
LTe2- OTD 07 mA 


(Please note Crroy im Cry Curr a ae 
st fo nag > lower end of lo-h esistor 
shed be connected to —I0 Vv.) 


Yep = 22 = 23-42 


(ORR (io //47) 
0 0234 +(10f/47) 


~ —344 W/V 


a 

U; 

R, = ATee 

R, = loka // 47 ka // 00234 ke 
@ 23-3 Q 

(H) With C_Removed 


ijihe ac amar 


Circuit becomes as af 


Shavsn. The aime Vomaings 
Na erate} tha. Sama 
as be ove C be cance af 
ey a the emitters follawer Y; (Emains apprix 
unity) 5 re. o 2-344 V/V - 

To frd Re we “Moe Miller's thesveny 


= 272 <2 


we 14344 
U; 


reolucin U; to zero, “rtaio 
Ro= Oka 74 bo ff0-0234 ka 


LoS Slam 


S522! nS 

af Vee say = 0°3V then the pa siquaf 
allesred at the collector of Q, & WV. New 
Sila terke nae of Gow tL ik vers 


thet he meximom uncli A >) litvale 
at she ovre is say. oe el 


fer the Case witk J =fp= 100, the oy 


aiid Sine-wave w bo 0-4V in am, Vipul. 


(Th leh 1e 1B ae F2:7V aod pd asw te 4I- qV). 
The CoVvles 


' 6s tye fie aith B= 2 and 
2=l00 & O- 2 : 


(OGain and Lnpot Resistance No Load 


The ac a ech 5 / fae’ 
Cirwit is shown. . 
13.0; 
EL ta re 
ete vik Rj ae 
Uy; =| vA a 1 
oshere Sy ee iy Tike 40 m A/V = 


aR R= lokD 
Thus Vo nw — 
aes 800 V/V. 


Ui oo) ee ee 
ti aU Aes z(+p) 


(BGain and Jnput Resistante — |-£02 Load 
Node eA T 


Thus, 
ee 
U; (te 
te En eee Oe 


ie) BUC Uae 20 ee 
OS ae aR gat 


73-6 


wl -i1//— 
$+ ROD=1/ (fer 


R 
N 
v 
P 


ae 
Com P lementa rr 


wv. 
The vest : 


& Shans on 


iets No beoed and Wirt CeG op tee 


The ac equivalent Circuir is shea te 
babe 2, fre which We can write: 
ee % oe ee 
(B.D [ tes + CByt Drea] 


where eq= = 28 225.0 and Ves= 28 = 250-2 


teeth = re, 


t,, = ts = 


Thus, 122B°t,= 2x07 U; 
50 k.2 
MU, = U; 1 R= Virani U; 


f Ale, ve m4 x10" V/V 
———— 


i a — 


With 200-2. L5.d: 
Sew hy:3- As before, 


fee ow 
ba" tbs 50ka 
A noo. yah at bu v2 
eral rides : _ 
fa Se 
26° t, + ue (0 
L 4 
— a mein 4 eee oat 
t o-z 
~- B0V/V . 
. ae . LUR 
t = ui Us = 81 eae role is 
U,=4 —— Ri é at 2542 


Gain and Lrput Resistante Wirk GL“ Removed 


(0) No Loed 

The ac equivalent cirevit of ¥y:? etre 
if we add o 160-2 Yesistor in the emitter 
lead of G, and Gy We shen have 
Mea ey teh weet Ps 
(60 Ves +[Pa+)) (eq 4010) | 


Svbstitviing B= Ba=leo, reg 2-502= 0- 0025 ko 


ty. i tos = 


ord Yes = 25052 resolts ow 


we ; 

* Pht. eodken 

ue Pgia oO 2 S10 eal 

jes eet Baatedtiloo ¢f 

Ronee rR. Ug, aka, 50 t 
= -\2\2 V/V 


(bd) With « oats ve 
. 2 Uv; i 
Bg: Sia lies with Lin = t437 t= yesoka . (@) 


applies and leads Xe 
oe 4 7 == 24 V/V V, 4 
iu t+ oa ST ee 
tj t= Ga. BAS KE -2tske 


$ cli when Me Causes a pat Cu wt PnE 


}0-|5) @ The out neqahve ah begins to 
10-15 Po eae Toys 
to jhe L mA bias cCorrent- Thi occurs eben 
the megative perk at the Bt Vy re 


When the ov i ZV peek ein pek Oe 
tee an~ i ié OW s hat phe Cores anding 


Haut gerplivdes te. alate 4ZVi | aorieded a, 
(b) The panel od eimacpeoe rag? to As 
when ied 41- Veesse = [+035 tO7V. Sine 
Ve = _0-7y, , the posirive pe i V4 Vin 
amolitvole - ty ao 2-3V peas bp ore 


sine wave fesulks Mm the du eesiar 


War Re 
<a v R, +R 
, US) 
ANd t, fs R,tRz 
Hi eae eee 
le ‘ R,tRe Ye 
=U = Tet iL 
et: R, tR2 + Bap. 


"Thes tha oe vesistar® y= a i 
by r= Ere) // [te (ir B)) | 

For B= 10, R=P,= 140, TetomA& V 
For dc analysis a ko lo-Ic 


By: 3. Node ia het oct 


the base : V 
lo-Ig=olIg+07 = o7f 5: 


—¥4 Te= 8-45 mA 


V = (to-Ie)x 140-72 225V mn 
Te fred the intremente| Wesistene | WA +7, 
v= a a bie to ny) 4. Uy 


Uno UV Gta //q) 


Ua } hy 
) kaj) Y-+ ike iyi 


= oc 
Var 


Where Die 25 3 ue G =~ & oy 35.2. 
3 


Thus) ee, A 0 
OMe aU aes 
pe jal of 
Lia i ee maa 
=497x%16° VU 
aT 
1033 +h 
oan is Ve Sg ! + 47X00 Ww 


Tip he: walve « ‘T has fo be yin than 


the valve ines to devel O-7V acress 


he base Bred naam a now. for Ja Sfanle , 
ronw~ if 1 we See shot oF Py te Wilke 
is fYansi sto wend tum aff . 


The ah far i fae i hive med art Cran 


rv) cerermined 6 the transistec tot off: When 
Vv; oes ptf nae hve +o Cauee a Cowent 
coe Ae bras ister emitter) o acd a Vu 


ar Hi frensister Cuts chee Let the Cevrespondin 
abe r) Lyd be Aenoted Va We ey, 


tke t7ig=!~A => We By 


ee 


Cuwents of (omA. 


On other words the wnanimun- Collecta~ coeye 
prssitie wo 3+2- 3Z V. 


The lense ia maqgahye Be Tab 


& determined i) transistor Sahvvahom .- St y* 
tte Watne f Ux obteinad shen +he tore/ 


instantenews Collector vol toqe (7 wrtathes 


-0:4V (Ve+V, Cee) The cowes one walve 
of UV; Lei ise 4V GB 8 the ay 


Collector volrage & +3V)- 
10-18} Refer fy lot. Te maka the. thax 


VBE ” s ¢@ if we oles: n hs the Gurent fn 
the ae equed to the desired ov Corre at 
Ip 5) 1-e. V,- 2 Vee ms yg 


Rit Kz 
Na if we ee thy B>! , 


ENR EN 1/5) 


then ty ah fa 


Tye [vcsvee 2 Vee ORs +V¥pe | /Re ou 
ye Ig Ho nolerrt oy Vge we must have 


_ 2Vec ZNSE +R, + Vee = 0 —> [Rial 


Under Aste ais (Ey @) the mtd Cowent 


Ly Cell 22) sisi) 
Sang Ly from (A) tnt (1) and 


further ae. R= ky a eine 


V.-2Vee _ 
Dy ad ass zk, 


which he the ans value of R, as 
Ry= Re (1- \~ 2 Me) 


dn rae the codinon f er 


Ly Geing in den 
of Vee &: K,= Kp = Ke pes Re Ree he (ay ie 


10-19 ] B= | +10V a 


R, 


In order i) 


have Voc )= “Bez 


t Ih} 
we shal Ra 
es Vee (ir) 


g, and @z 


R3 
R +R xR, +Vge(I+ z) - VBE 


Ly = ithe Ka W 


R 
Sobstivhing R=; we see thet the terms 


a) Vee can be eliminakecl by selecting 
g such that 
—£Cr 8) 4+ B -|=0 
=> Ks= 2h 
This mahes Ip insensibive to variatios in 
Vee 3 Ig i. for Iy= tomb, Roy hO- 
Assuming Vgc =0-7V and selec hing the Curvert 
throvgh k; and Kg to be ZIp= (mA; Dalidind 
that Rg= on Z 07k2Q and Rz = 0:35%2 
New the es thraigh tain oe Re is [mA 
and the welinqe drip tress R +R v 
lo-0-7¥3% = 8-15V- Thos R= bAZ 
and Ry 271-2. 


10-20 3 ia w~ the solu to Freblem 10-19 
ait be thot ko eliminats the. some cd 4 Io 


Gr we must have 


R 
pair, (+g) tt = It Ry 


> |Z,- iat 
Thus i R, “& “a con stant pay le R,« reduicd 
then R3 must be yeduied jn oT Ree 
this Case dL ad 


‘yer ee . hus, 
a y Ip = 104 BtRe R xe 


R= 1 (R2/ R1) 
1+(R2/RD - 
iver oa , We sot 


the insénsi nity te og dn 


a 7 
teduad K shell be relied accoved: oe 
this relakosh« Jn the. Iimit ae Kee 

R;= 0 . and R=0:- The Ciewit then ate 
a NMariant f the Curent mirror jn ek lo-12 
with 9, Sate as adiwk- Connected rans! stor. 
Sn thee wwent miltow Ip= “ie on eg 


in obviously deperdeck on Vez: Nae ee Ra 


no lonyer—serues a waetu[ Purpose 


10-21] G,,0, and O 


wWU conduct e val 


Co | lector Core nts, at 

denoted tc rae Q, 

B=", t=%& 

and r= 2 > - 
thus the Gwent transfer ‘c/e 


raho 2 = + - Fe finite B we write 
15. ————s 
Spee pa ayia OAL | and) brain 


1, = 21+ =< y Thos, 


Tg A SALES aie cl 
tq u2ipta=e | 2+ eB 


fe ee 
Gy Jo-13 we see that the Corrent ul Ale 
Yatio Fawn inept, Je) ov 4 ho Mn+ 


and the wwent DEE ra Qo (aha on 


Ir cap Rane two. 


Node Speke aA: 1y= Gall7 NA iste 


O+ can be easil = Se 
Z pa Seb or cen ronan 
+z 
- mi « “4. ’ ar 
hot for on hinad rroe ig Py \o 12 Pa 


bo defaizel Worst than Head of +h. Wilsam 
}Mivuv of Exercise Z ifo-12. 


See ee me 


10-24 ee 
@Bre 443V 


{ 143 map 


=> I-0715“A eg 3! 795 mp 


Jo-25 QO Cancducts itralan aie oes +5V 
poses ble wuwent when Y, ke of f- 
For 9, to eomduct 1%, of 


A Sy Mefhimowm  Covrent 
VE/Vr 


q 
thes thee _ ie ore 


Heve we have ene thes 


mov 
he tial Covent t Yemains yf iis rae) Cowstanrt, 
APpr im 
mn 0 Her words Ur remains qConsrant - ie TaD) 


Ofel4 = Vy Iu 99 =40- SV 


iG 2eliNewiiies aha edi ded 
mid d J (i-e. the 2, Bibs 282 20¢2 
0 


at he second aoa OF We 

See on ate GUve shot 
cue) 

the aes od a tom Melee 

Voge = Ur?2- Un, 4 mus ove: 

oF a aloe ahat Causes Y= 

be eg x20 = Lop x22 


9, dyber vores se Oesive Le? | 22 - ti JS | 
ty 7 


But 42 = Wie- Vey) /Vr _ o VAN, 
Thus iy = V, tn J-l = 2-4 my . 


Mss ee th 
Me 25 


4) 

3 

" 
aa) 


1) [te + 1502 +] = 20:2 £a 


wae monerras 5000 | zh 


(2) T= 0-42 mA 


=-SV 
(bIg=2 Kn aud 
CCM Yange =-43V Pou 
to +5-Ay 


(A) Rid =2 (B+) ( Yet Re) where Y= = 2 N9 
Thos, Regs 2x10 x 0-269 = 54.3 ha 


(ey, Mig co Bid Sa ae 
Ca TALE TEN oe 


Ue) eRe ket NOS ei 


Vid 2%e+2ReE 0 269 
Thus, 
Ue 
—2° --37I7X 0: §64= -3)-2V/V 
Us =3)-2 vA 
(f) The <yowele nt Common «mode Oka 
hal Circuit iso shown. Ses? ann 
} 3 j Viem 
ie ~ _lOx lo ‘i } x ee 
2x5-9n10° = 2X8-9 coe: 
Siva the ou is taken er 28-9 
differentially, the Strat As 


ee dege 


4 X10 sit, x oe) 


se ee =§ Case 
omic * Kia 6 2ee 1-7 x10? W/y 


(4) CMRR= ay jae, Suet 7izae 

Uy) ce = {ECBO RI (me /2)} = 24 MO . 
aring these resuks +o those ‘ r A ase 

of fai padi ad ow (Exe rcise Hae we 


or) ke dc characteristics Tie 
ae ee rate: Dlse the di Yferenh wy gio 


Yesistana hes heen increabedA. The fo" pee 
jo a reduthom im aie ( feo 40v/v te 
3):2V/V) and a Abb: (2 dB) reduction 
m CMRR. Alse, the CM ay, js lec reased. 


10-28 for differential Dees 


(a Oe NO lied LL o> WV 
es 
Differentia| Gam = lod oy = 105 V/V 


Commer, Ho de Re jecho Se ie = 1:05 yo 
J) lo a 


CURR = 20 bo41-05 xlo-= 100-4 dB 


For ae -ended ou 


-3 
Worst— Coase Common moda Game = avs nxio> V/V 
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Refer to Fg. 9b. 
fe Ra, = R’. Then Setbrng Cas= 0 and Ceo 
Vesults je we, Cir wt Ae berm inning Chel » Shes 
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seconds. We Wi (fos pe on firme Gnspert's 


oat smaller fd gdh ee Se 
OV the Pare constant preffeck wl he 
BY ee igtvipl = 10. US: aed ales may Aleve fore 
wrise Vix BVA = yd <) Vv. A mock. 
Cquahiom at tle commun saves Shows Yhat 
au = Myce =V. We atebre conclol Fig 

ate 7 alipenle Lo c+ Ge 2¢ 
and hat ie onindat Poe ComS pan 
fs 2CK- xl5* s ews 


dominant ih ole 
ey 
hp Fel bbe 


eae 2 Ae fre wasp Le Vie Wirk « Kesispente 
Se) ey Be tees A sb Geom ad Grand: 

Gin we sh fect TL 
Cis; and Oe: 


os i 


We can ober shaw 


That Mis = Vaso = =V, ae 
be =) and 


V, = a Be Ry =(Ju Ra) sh sep as ee 
“LeneHn je we |: C at G. 
sy) a “ae 


Con White a& Mo CQVahm at oF as 


SCV = 28 + s¢(V3- 3. V) 
Pe N egeoy S60 pia). 


Ss 
ek Re 
No® we Cam Write 


V, 22d Ve = ncaa scCit§Ry 


AW 
sO tee 


-\, Be) [+ ERce OLA 


A mode ao at the ii ae . 
Crewe ie scV, + SCV 


UREN Ar Bs BG Wy ih cas st 
” V. (d- “/2) J+ scr [$+ 5C+g RD] 


Thus Ltn aw, Noll io AR 
Ip 27rcR, [2+40+4.2)] 


\ 
27 X 10: 2X10 ie 
= 28.8 ZH 
ay we Can i shoo aang th abwe 


analynis shat Ane ay, AP ay Pe phe 


fellerieg ee Circcak: eo as 


ik one 2 
a 
im C 


NA 
oe 


+3Ci+7- oD) | 


& /Org.Rp 


=> = 


By ; 


100; %= 1002 ; Tp=imh\ ; fez 


-3 
eg fo i: Crt Gute ma ea 1S-9 ramen? 22 PRS 
217-X400 X10 es 
Gre 13-4 PF. 
With R= 0 


Anan 4.) Rune 140 VIM Oe Neglecting poe effect of 1) 
5, Hye (DS Sie BOE SS 636-6 Hz CNet ne 


21 x10 KI0& XZS +f %) 
Dia ee ive: yy Cx 
“Pole ue 


Foy= 


Patel RT = 
= ——+_________—, = ]f.30mhz 


2rr [13-44 2x41] [2-S//o-\] x10 


pe ia ae 
ae | 
P2 * ——————- - 


SA ee Yay haze 
27 Cy Ry 2m xan x16 | 
Thus , fhe (# +4 gays = 4-2 MHz 2 MYz 
Pt 
With R.= aa 
Nea 
one © InP L=- 23 1402-278 WN. 
ae ! 


aa 


SO ST es HOY: 


the ia es ii ose OU be dominatid 


e he: a tea 


= 2-18 Miz MHz 


oie ae in) Pratlens \\-33. 


Maen ered 
AG Noten ee A ie 4.2 ate AA 
a eS Soudan oe Cra aver 


Sie ee 


27x 16x10" [Re +e] 


= 8 = 38-5 He 
217 X10 > X50 - maT a 


Hr h nie. Gipticst F 


C “diag ) 


ae (11-78): 


is, 

ney ‘7 // a ee 9 en a ias 
7 
: 


Ky b ae Gin Bae 
rao ge all i+ IK 
LEARG Re 
et Spe ae! 
(Se) 
42 + 40x\ 
cos bee eae S06 eo 


oe eee es) | 
ar co oR, = 13-4 x16! “609 FAX 43-66K16 
an 6-44 nS 


Sn aioe i 3 


2m-x 692 x17! 
Wit Rie jk 
Ay, = — Gory (te +R) (- 1000 
(for) (etRe) +h tR te+Ke 
= —16-4 VV 
aA [ Re +'e + SAA 


=228 Miz 


Le 


6 261.4 Hz 
ii Ro+ Ke hy AN 40-025 6 | 46 bo 
Kee = tH 1+ 3Re 25 I] <p aaxe 1 + 40x0-025 3 


} 
; 
7 
; 
: 
; 


i ee 
C 
eae ene 


25 
ot he ihe eee 19.93 #2 
Pe Siegen Qs 
2 CR, + CR. I3-GXO-A6+2ZXIGIS D5 
= 4¢€-25. ns 
f gms — —_1__, = 3-44 MHz 
fs 161) OOS FIP MAG ESRD Cl Rt 

[11-35] Same pamnree aS in “Problems 1-33 anot 11:34. 
Wher. = 0 


Ay isthe same asin Problem Il: 345 shas Aviz-2ov/v 

Fi ve he same asin Problem 1-34 5 tus f= 316-3 He 
With Rez t ko 

Bei the same ag in Polen (3.4); shes Cen 

fl the same as in Prablem i134 j+6u> fi 2 261-4 He. 
ip tBequens a 

Nore that Re = re and Cr = Cr: This at 
Observohos enables the deat sac eee Le) a, 


Nede mavens ohne 3 Cth) Yn +? Gr = 6 Cet Me 
But eatilir oP Ane) Rove. Vaart Cee Ce 


Thus , Vio and we have 
Kiekiat 2V, 


Sree Vet R, VE je conclude ~phas 
me ! 
d, i C 
ft aw [ Se Cu (1+ =Fe)] [20-/R ] 
Tor ee Case R.=0 , we have 
| 
= =| 33-2 NH 
an [Btea(1+ @)] [Silo] —— 
Nose. she jm Provement Gbinimed Gver 
Case esirhadt te. oe G (in Froblene Ik) 
where y= 22:8 MHe- 
Foc ke Case Rel | ike we hove 
nf 


Com erise™ wd 


3-61 Mhz 


Covves mdi. Case oirtek 
Cs Cin bicep den 34 ) inchicale> stot ey 
Some jmpratementd 15 sbrained! : uk 40 mdr as 


Avamatic as yn he Cage. when he = 6 . 


1-36 | “Parameters “f OQ, ace 4s in Problems 1-33-1135, 


Pavamelers f gv, Ore: By = 100 ; Gz 200 mA/V 5 
Yeo = Ue pea S00 S20; Ye lOd Sus. Cur= 2 PF 
=% 
200 X10 i 80 FF Gro = 716 PF- 
21-x400 X10 
Midbard Gai CNeglecting Mx) 


Wik Reed: Ay=- 4., (14.2 // G2) ¥-3,.0 \ko 


= Ant tS % 200 x! 


= 26 66-7 V/V 5 
Wik Ky=1 bo: Ay= UN ELE <7 
Gat Fs 


= \90S WV 
) Se by venc Repose ( Neglecting Y,) 


—\— 


aro cr, Cre = 


“The aes ‘oat of @, mivedwas x 
ree ak 


Spas : 


ZT KIX 15° (Tey + ri) 
nt aE Ae Sc 0b Y, invreduces sal fas 
oat ae 
bre Samet (Get 


With Ro G0: Chere San ane 636-6 Ho 
Zim WN Mie 


Tee = 1066 Hz 


= 
27X10 (s MTT: 


The ewer wy scl es ent fi ve 
be frinch aie M : 
2=(+ JB) (4 Se) 


SS An 1-34 kuz . 
With “Ky lkQ: bag ea ak 0 ara 


arr x 16 >x (25,4 1000)" 


eae 106% Hz 
TRL 2=(\+ Ge fe) 


ie f= Lo3 bie 1:23 kHz 


MES Gi APRN enue Sirah) | Vp eco 
« Vhos ; 


Pa ela aired ay etna 
= 78+ 20\X2= 480 PF 
Ry= G2 // CYT aTe 2) 
ae 5/[(o- 41) = 034 fa 
BAe a RG) 
= 2:5 // (R, +0 
= 16-2 fr R= 0 aaa, 


Kays (cm [IRD Sou [Rus Il (2+ FM} 
aE Ru /| hee a) 
= \ex(25//R) + 6-375 
Bly bon. for R= 0; 
12-6 for Rel h 


Thos, few R= 0. T= 480 034 + 13-1 x 0.07642 xI-9 
= 1638-3 ms 
tye: 0-15 Mte 
Oud fe Resitic aes abaxoed vis frou eee 
= 199-46 ms 
Tye she push ad hal 
a 


CHAPTER 12— EXERCISES 


L ie ai EO ae 
oe Aye = ie me I+ 1078 


4108s 1000 > - B=09799 > 2 9.0/ 
Ce) Newent of ferdbeck Eel Pea (\+ em a dB. 


(dD \e= in V, = Ag V, 2 JOV 5 Vy = BV, it OAT 
V.= Vy - Mh = Q:00\V . 


: } 
(CD, Rat 8 200% Aaa) Oe ee 
\+ 0-8x16" x 0-04.94 


ius Ae decreas 2 abwt 0-02 We ; 
|2-2] Aso = 2 ey 
12-2 | 50 nat LLNS Pe 141000 a 


ius fy (It Ag®) = 100 x 100! = 1007 kHe 


Signe! Voltmqe at wv Uy = VY x 7 
J if % an Ae 

j ox % \X 100 ww WV 

\+\xX100xK, == 

Noise voltage at output = Vx _Ar as 
= | X —— 
cy f a 14106 

= o-olV 


—_— 


Thus be. S/N Yabo becawes 100 Or 40OaAB 
which i an esate f A0dB. 


Ie 4 [4h] 
4 A ¢7 + (Rell (eRe) 5,.5]5// (8 fes+(Rezll Ret R)))|- 


: { Fes + [Re // (RetRe)l 


oe ¥e,= AVTISE 5 fez = 25-2; 3,2 AOm A/V; 
G2- 2-5 bo 5 Yea = (EMIS SE. A 


Ths N# 20-8 A/V 


B= ee, _ RezxKey Re 
Ty) eat herke > 
_ 100x100 V; x R I 
loot 640tloo f Fe Ey : 
Vz 
Ag = each = Beep = ened wean = _20°8 
i 1+ AB |+ 20-8x'2 250-6 


peoeces ALY 


xX 600-2 =-0-:063 X600= - 49-8V/V 


SE 
V, 


2,- 2 Y,+0 {re +[Reil Re*Pealf 
Kip: RB (itp) = 3-26 M2 


ete | ete 


tez= 5maA . lerv= Ye, = 50-2 5 eg= SS: 


The A Gere. MSE 


A- Vv, {20 I| [oor eerelra R 
2 Na + ba) 


(2 as 
(2 [/\o) + Yes 
_ (20// 168-8) y (667 


0-205 467 85-7 WIV 
Ei = 10+0/9) + (Bt!) (tet fee) = 21 £2 


Woe 10 7-0:5%20=-0:7V; Vo = 0:7-Vees0vy 


R= 2I/10 || [rest pele : 
f a 0 27 Jk2 
Fee Fane Vv 4 + 
A eer Ven A r ve Y. 
f V, © J4AK8 = 4 
= BST are IVR 
}+85:7 X0°) —OOOOO 


Ry = R; (ir AB) = 21 x9-87 = 201 ba 


Ry = Rit - K. = ZOAAI0= 141 ba 
Ral ye 
Bhi EE Tae a At Ces 
eRe ig Ba ps Nes moe 
Kot : Rep Ry. rz a SNL 
rece i 6002 


Kez =(002 


ee ; rv Si 7) + 
: . f= Be ejea. 


4 (Ri // Ke) 


(K, /R) + Ve 
= - 107 (4/1000 //100//20,000) . ei az =- 6589 kD 


Ve 
T 


K 5 R,/I Rp || Ry] a Ree 989.) SL 
Ro= Ri U/R, [ro = 21/',000 If 1 = 666-752 


Brean. ai 
Vy,’ Kr mee EL, ¢ 
Se or Ta, VS 
4B ‘? 


I+AB= I+ 6587X10 n06° a 


= 7-569 
Ane te OA Sb aag ae 
line i+AR° 7599 Niles 
Bux a ae 
ay) 
he's e =~ 870 v/V 
gee RTBU Ee Vo 
ItAB 7:589 
BLAND i SO VAAL iy fl 
Rete 7 Mh eee 
LO agit pang eee 
eet Rey f22 


27 age 
> (- ¥.)] 


30M. UM ecg 


Node Shoe at x: 


Gece) 
R/2 tk xe) 0 


4b (Sotissersi)- 6} 


sa - S 
Vv: = é — ae 
1 S Chri 2 oe ee ue 
SCR 2 ee ie 


ce Naa ef the fict Cirgvi- are the. looks 
Cems ider 


Thus 


of the favre! [st ad6+ doy) 
R 


nyt tbe secmA circuit: MeN ibe 
Va V,- Vib 
V,~ Vi/a SCR 
R ie 
icy el 


V 


o 6 


ex 


Node vahm at Ke 
Vi Vo - Vi/3 
Vee +t “Ser V nets Vv; .V-ViA 
+ ee +s¢]¥%- +S 
R_/2 2 SG 
; 2 
hee = 68 1A) 
CRie ; 
Ve .-[ 7-3 tise 
Ve Sere os ry 
a el ea 
DASE e Sih “Scr * Ce 
&) ue 
Sit 5 oe + Se 
Thies ples Coe second circvit are a 
Toots o o( ey le aceae: tail: 
Xf a 


the. PIO Civcairs lave 


We thes Come luck thet 
the Same oles (or natura] mocles) . The 


canbe pa) Yevi ‘eh by short- ei tle. 
is No \t SNrCe iy bork Civ wits - The resvh 


la NA Coe 15S jhe eae lasp 


epee fits a wy jfhar have jhe Same feedback heap have 


AU)= rear 


oy -! 
g =-~3 tan Gere 9 
A eo , $2160 ;+hes tas! 20 60" 
‘ lo 


Jey = V2 x 104 rad/s 


FW Ges 
The es. ampl Tied GLI be! gah be 


, ABIL <1. Ar the Gere p- fen 


VAG 2a B.. =4 
Bey ACY 160) 


=i +00? /io]’ = 0-008 


if at 


Fp! Close ote aan ee 
lt AG) B= 0 
Le) tees oye 
(+ s/\ot)* 


y + 3) + loB= 0 
a s* + s 2, +(\+ 1000 8) = =O 
matters we sheQl normelize 


ine er 


Ae 
mee 


Cavey 


See 3S + 3 St Cit 0008) = 9 


<4 Yoots of thie Cubic eqwanm are 


a (1+ 108") vy. on BY siz 
B+ we easy to ah at thse voots -follen 
+to Qoews shown in By E 12-10 (airh rhe 
pet at which olf three roots coincide being 
at -4+jo ). 

The amphfier becomes unstable ahen tKe 
da \ve al B is increased So that the ag 


cm beet: air of roots cross TY ~ ahLo 
into 


| ie SS a pate nae Thee 
nar ri ae 


10 ae | [cox 66 = 2 
Thys, Bens 0:008 . 


baal 0-0l 


1 SESE Ag 
ia) eer + j f/f 
a 10> 
1+ i f/i0 
5 
A a0’ X-050): ae 
nal= see ae 
oe a oe 10° fe 104 Hz 


At bie i mercy , 
p Paya. (love) — £0 
phese margin ke 90° 


=— 


a Sa 


From in 4577 of the. “Teer bok. w-— 
hee Vy (A) | = 
Where Vp ~ \or- af mods : anol 


: 160 - ti mers m. 
raphe mate ja, wh eo h 

| Ar(jo| i (i/e) = 113 

For o pres aye aoe 6 = 120° ard 


Jara) /CVP) ab 
For « ‘i opaane margin f qo" : 6240 Go° and JAy (eo Yor=e2et 


@ = 150° aa 


[215] e- ri FcR eT 
\\el= ~1+ @co* : 


eS n \oodB 
meee es 
| 
CRe oar * 20 los\ VP 
tes (420 AB/ decade) 
CR >O157s t 10° i 
aie \ Hz Hz 
Z7TCR 


CHAPTER I2—PROBLEMS _ 


A a RAL y 100 Ri 
fo 7pAB | + loo Ae 


eae iis v, 
= 100 _ = 4.09 V/V. 


To obtnin At = 10 we must select & So That 


ig = oo — 


I+ 100, == 


In thin Case te boop ain inf (19-1 AB) 
and fhe. amgnt 2 Vedas i 10 (ve. 20dB) 


= 9:09 V/V 


1+|0 0x04 
Fag = 10 x (1+ AgB) = lox w= NO Bz 
Viz IV and Vi=V ; sus SAye | 


“on 


Af fer Rages ees in oe Ss ave ar 

oe becomes 4 x ArAz oa 
I+ Ay + AvP, © eee 

es hh ndiS4. hecomas 4, pO ~o-0lV 


1+A Rhee Arepre 


Thus the = VAN jmpyeves ofetier e 
10 (or 20 "AB) - j ~ t 


Vo vey! Vers a5. 2 

ede nesses 

Rips Ri C+ AG) = 300 x6-5= 1-95 
Rip : Rig R= 195-001-185 MQ 


Ry mea a ee)! Rep = 20//1.85= 1-69 m2 


Bice es 
Rog = ee 
Rote 
Slagle ete 


Fug = fy (It AB) 


a i aaah 


~ 2K; ae Rit 12-6] Refer te Py El25 ak R, eek 
Do 4bQ (esse. 
es dc ak Tp, Ipz= 0:5™h 5 Veo~10-7-05x20 
R.=R//2R; f 
ON iC =407V ; Vy = 0-7-Vee3 “OV; 7. 7=5orae 
= fe, © "en = 50 SUG Wee = Sc) 


= 104; Kia = 100 bo, Ric = NOMS 5 15 = 10 fer ; 
Ri-2to; K,2loodn; F,- 10M, R= 100RQ, 
Rs R;//2 Belo //20,000 % lOO RQ e loke 


Thee hCiwese 


on 
: ~ Ney Ans 20,000 A~\/. te : 
Ki = Rifle Riew \00kO; V. = \. Serra Yi 
The A cireow: \ — 
aa Wane TO ae 
Ri R. 
Tar | piva eed a [Bord (rest els yl} @i/s) 
R R, y, G teat ol wr) (21/5) Ye, 


[Ru// CRi+Re)] = 84-6 V/V. 


Az ee 
7 ie s+ Regt (Ri //R) TRLICR +R) +h Re iOrlers Late lot 5t5+ 0-3 Boy hs 
fade ROOT NN LSU ae Z py 
j00+1004100 °° gato one Reet Sil (tar 285} +162 4K : 
; a ee , 
R= B+ Rut R)= 300 £2 P= cay ey : : 
Ro= Ri// RR) //%o = 2 // rosia/io = 1-67 £0 Ats Ned ‘ a \, 
palsue = 100 | \, “ Ve BD ‘ ‘i ca 
sae a i Ny eee = e qtr 
Roar ioe, se ; ie ee oe ances 
: SA coi Kap 2, = 372. 
Mee 3) BSE eeeay i) tis oy -F 7-10 = 362-7 £Q 


ee ae 118. : 
jf HAP 7:92 ie, 


\ ai ae a ay 
Kop = Ref ZR. iO 02: . 


Re fer +o RG E12-5 and assume that ke 
a short Cirtott. The 


1S ore Bee 
oc =n dry poets as jn Prablenc ]2-6 
above ~ The 4 Civeit iS 


lo ba 


Ry 


Bey ewe fooll (Ao Ger+2n} ih) 
Vi Yer 4¥er + a (211) +e 
7 W/V 
a 104 -20- ae ba 
ee 2 fl ff a 22 = \56 42 

=) + 
oe = 78 Np : ka, 
Aye ee OOTY 
R. > (i+ A8)= 20 X78 = \-560 MX2 


4f 


Kis a Pet = }-560- 0-01= 1-55 02 


K 
{ Ry Reg 
dc Condifums Gre asin Exercise I2-5 and 
Problems 12. fit 
(@) At relakvel Cavences odhere C 
OLts aS a7 Shwt Cit ovir Oc je 


of he cirwit becomes dentical to that 
fourd iw Exercse 12-5: Ths we have ; 


Re oni V/V; Be OIN/V; Age 8-96 V/V; 
Rig= JB 5 and Rog «191-2. 


(b) At velahvely lous 1s venes the re ee 


A Civreur Lecons 


Ri pa cea 20/1 LC Po) iene Z Re 
Vy Ye, + eo t oo ori "2+ es 
- 65 V/V 
Rye lqtee= 2722 
20 
Ry= 2/] (a+ Zo) = BAe 
poe + a 
\+ AB = 64 Nt Vo 


- &3_ 
Ag ipa 0-994 


eS 29 %€64 = \-86 Hd 


Rit: R aes DW BE 2G z0ls= ad SS Me 
: tes S 
an ae ieee 
Rep Rep = 2 
By ce G 
she damp! yer +o” ai 
fe a 


he an Ve al have autre adhe nw 
at wk seh s 


$ ‘ 
}+ —* =: 0 ; 1.€- 


Rene 
Als (ahr Wg od ON oa 
hae Oi a 
fa= Fy CGP ARs) 
Ge Or Gse 35 - —_—_, = =-100 rad/s 


6 x IOXKI6 


{e. rei pepe ere te he 


te Book plo a4 
tow Ere aleen +20 dB/dec 
an le hy Sp 
\ 
oh. H LQ Cl 6Hz 


A ssuwe Wel 0 Spee Uh ea guy 1 Ge 
(most le a decade. he Bae than he. Zera 
fear 5 thos 4 

foe 160 We 


Series - Series feedboact.. 


es 06 mA A Te3= Piet a We 


qko 
Legs 4m ; hee = )00 ; 


he he 24 mk /V 9 Vez4l72 « 
Sma = 40 K/Vs ep = 25-2; 
Ss = \60 MR/V 3¥e326-25-2 


I. 


lene Ri Fy: 4 = 


the A Civ COHe ES SAiciaeananli ra 2 


Az Ze Gil) 4 5 (Bor) 
My Yert+Re ~"*5 HB + (Gate) 
- G// 2-5 5) 40. 2X0! ed 


o-on? 5 +10\K 0-05625 
= 40-3 A/V 


Kj = (Bye (tert Re) 
= 10) ¥ 0-0917 | Ry 2 
MS Ava aig Sie! 

V,. Q D 

Sree Wy ete iets 
frase fT 

I+A8= ]+40-3¥50 = 2016 a ag i 

eG 0:02 A/V 


02) 
qi\ 


arth 
j ra 
aital 
v 


ey, 
(Q) At low (Sie G 


acts aS an diet Circuit 
ene the Meet re 
behaves as rhe ong 


analyzed in Example 12-3. 


Thus we have : 


be ae “pet 


Mee = " = 2. 
" AASV iNOS Rip 165-2 and Ky = 495 
(b) At high al vercies when Sica mers: 


COLTS oS 10 ie Cie | Civevit becomes 
life thet onelyzed te ie 12:3 exept that 
the feedback resistence’ halved i.e. 7/2) 
AON Thos Se Al cos he Ry. 12.214 
wrk Kee ha, 


A = y bn, he (K H/Ke) 4 
Pp T 


=~ Sn CRM Re) Rel Re Ur) 
= - 60 ( 4//4-7)- (loll Zilsp 


- -—3\7 B2 | 3 
Re = (Bill's IR) = W358 RL; RRR 382 


aay aoe B Cirevit is thet show jn Fg. 12-2Ke) , 
mas ; 
et ek oie 
Mite a 14.5 
Ace Me . CANA i Alle 
: x 14°5 


=| 
my 
> 
Al 
" 
\ 
= I: 
ra ie 
_» 
(l 
| 
rN) 
Boas 
<= 
<< 


dis sk 2 
Cquivalent Grcevit toe 
a, hoe fe Py 
that pope Re 
nelreye across the fodbeck neroote ise Hed 
TV end he content ralph deb 4, 


hq. 2 shes 


We Con Whee 


sia ‘ 
oh Vane (a t aD) Vr 


EI ST AP i Sa 


Fur Or Case C= 0-1 AF aud Ke At Wee Hous 
Hz (2128 rad/s) 


Rota é 
Je "gmx 47 yg? Ko-1KI0® 
By.  ehinse’ Ua x berch 
of the ead a 
Versys es aa The closed- 
Paes fac (oe Con 
be eh ressed as 
a) 


Ap (8) « K ve Oa a SS 
s+ ap 
Th valve t kK Can a fos ee the valve 


fy fea/, Po erable 19. As 3 
ie ne A (s) Sie: +t | age 


ss ig Cas (2:19); Wn 
= 4-\¢ 


-de condirios are +te. ite as im aaa 
(12-4): TD =Imd 5 [= tmA 5 er @22 25-0 5 
Goec= Sue = 4OmAIV 5 Ta= r= OkD 5 
ps Sey foe 
The feedback be f the shunt—shved type and rhs 


A Ciresit is: 


= Ref es Roe % 
= 10 [10 ]| 00//15//2- 5 = |-48kQ 
ete R; x =I.) Key /[ tos I [( Bot) (Teat (Real) » 


(Rez //Rs) 
Rez //K) + le2 


=4-4% xX 40 {to [100 /{ [ to. x (0-025 + (3 o))} k 
(1-3 //10) 
(1-3/1) t 9-025 


BV ANAB GSR St 


Ky 
i ac Me a, mA/y | ; } + 
Vat aS ty Vic. 


14 AB= 49-93 = 50 


Kig ie LEN Vink eee ve ake 
It AR 50 


Ry Es 
Aiioy Meee Ace! | SABI git Be 
Poe ace n oe 
Si pis Ks kets SAK ig a 
Sie ee R thin d. jo+ 00097 s) 


fecal Jat low veler to fry- 
w = f @ 


Tipo ie dete OMeani eV 2 
Re2 S: 
= Vous Voue — Lin Kin 
eres 10 
= Voor (tg +45) - Tin x 0:0297 
Loup = ws oi = ug Kea 
ci E2 
Keo t Rx Ro th 


2 Ta 8 
taal day ecertcy e 
Thus, 1 a Ex (ete) 1-3 I,)- ox 0-0297 Ji. 
Tout _ 
Settee 
Note +Rat he results obtained here. are 


very Clee to these fovrol in ale \2-4 5 


ai ftenGes Are due +o bs. different a rdximabons ie heal 


At WES. las apes tha hoe octs 


OS an Aes CirwWit And the mates Sisiay. 
Anges The Cir then. bec amas mn effect « 


B! re = Tou, 
pee 
Vass ¢) 
J 
‘a Rata 
R= B// Res //Re2// G2 1:73 k@ 
RKi.= 241 ha. 
Jou 
Tt = Rin X-In, x (Rey ff tor II Bo) (Tee HON goers 
(Kez ) 
Rez +Re 
= 2-1x-40x [10//100 // 101 x (0-025+13)\ (stars) 
& 
($a) 
== 480 A/A 
At hegh (ae the is ae acts as 
a Short Cirevit and Cireewit Yeduces +o thos 


avaljzed in Problem I2- (and in Example 12-4) 
Sins Jot 2 - 5-6 AJA - 


The iat response 
of rhe am ice ill 


have +h ra Shawne 
OP iccamso be desccLed 4 


t 
| 
' 
‘ 
' 


Ft (8) =-K [oimerZ tp fe 


sto 


} ae Bede hi aN 
where K be the. aed iet ff ae Coe. 


Lat uw K= 5-6. Gaffe [no- ye 


won C ae 4a KZ) 
Hey Zo “ 


56 as 450) iar ie 3.57 
l€ 


PF 
To find ha pa of te fore nrefer 
fo By 4 Le the solution to Problem ia Zuyp 


will be et ae Tez we ani Tks wll Gbps 
when Vi=0 and Vue 0: Sma Teg=Q , the 


Cirtvoit at S=S, veduaas 40 


Vi, w AD Bel Zeco nico Were the byanc h Rat incluoles 

she Capacite C behaves os a short Circuit thes 

: oes 

ss Ket Reot 5zC 0 

Tice Sie errr 

z CCK thez) 

and COS a EL NU aes ce \ 

6, CR, +Kez) 0-1x15 8x NB Ke 
= $34-% red/s or IAI Hz 

\We can now ae He pee fr Beery as 


BO te Ds. 
Pi ast ee Yad/s |r) Sea 


12-13 Refer te the selon to Exercise 12-7. 
A= ~ 658-9ha; K; = 987-12 ; R,= 666-7-2 5 B=10°o. 
thus + AB= 166 
ul! 656400 op 
a Leen ous ke 
Nei 340 V/V 
Rip = 989-1166 = 516-2 
‘ l -| 
Rip = ( 34¢ 7 i000) uel ins 
Rop = 666-7/\-66 = 4016-2 = Ry = 502-52 


w i 
12-|4 ee tan (4) +2tan bcs: 
Thus, Wien ~ be xtor rad/s 


A jo, i 1000 its A0-966 
( | Vit 2 (Vit 1-1? ) 
For oscillaios tw Stort JAC {5091 B Qi 


ane s Kee = 


[AGaeil = 0:0244 
Crincal amovar of fecdback = I+ Ag Ber 

= \+ 1000 X0:0244 = _25-4 or 26 dB. 
Viel ethal Hatsune of fedback reduad fram the 
Crivelli by 20 AB , ie. 40 8 dB +e 


Motimum Aalue af e becomes & fern row 
Doly(I+ Ao Bues)= 8 > Bray =15 x10” 


12-15 Characteristic equator 


Ss + LG) = 6 
dshere L(s)- —Mel? 
WAG) 
--v VO 
K V,(s) 


RC nervork inside th doted bx. 


Ve 
Ve(9), Ve ior XK C : 


a Ve : i =f { he c 


\+ S(SVex loR=V-(+sCR) 


Node quan at XK: 
(S)\V, - YeCus sCR)+ SC [VeCiescr) Mi] =0 
Ve [s SekrsCt scrsc R]= scVi 
Ve. s (\/CR) 


Vi s*+ 5 (2\/CR)+ C/cRr)* 


Giese tte characteristic. eae is 


ee s (K/CR) £ 
$+ 5(24/cR) , 


> srs 284G5 
es eC Ray SCRA, 


shee 
CK 2-I-K 
Te he: Civcurt becomes unstable at 


Ke 2-| 


\2-I6 The oh diel ine? are obfoined ees 


[+ Als) B(s) = 0 


1600.0. |. 


a): + 1000 8=0 
‘s- 
To hal maters bepiee jot by an fe 
Ndrme- lized ) ; shes 
(I+ Sn) + 1000 B=0 
3243354354 Lit 10008) =0 
The Yoots of his cv bic equal @™ are 
— (1410 pM) , -1+58%4 j 5158" 
The Toot locus is shes» 


tov Abe. Squre - The. 


V55 Geriwes dusrnble 


wher a a. ef 

Campley Bony Cer eh 

Crosses le je- ay%is +O 

ha + th pe of tla S i- 
“f 


This nS “hy = Bee where 


=\/cest6o® => cr= 0-008 


12-17] For BC) = B/ [I+ 33] 


A(s) Bis) = ooo B 
- Ss 
(is a} ar rr) 
~p = tax! Te t2te0" Lm, 
\o4 


$=180° at woe GA rad/s . 


[AG X50) oe io) | = bore * a 


Vi+ uz ae 1-12 ) 
Tasre bs ap Steg “lajsun tn > 5 Thus lo. 
Chica  galve of 2 te . Bo -= ie 
Tike’ Characteri sri c Cquahm wit Ss Ns ag! 
by Se e+ ALL) BG) =O, Thee 
(i+ 04 Sn) Cl+8,) + 1,000 B = 0 


G:0) So 0-2] Si NZS 4 |)0008 = 6 


Sy +21 34 + 120+ l00(14 \oooB)=0 wD 
“Te dram oo Pee Zs pes eee ate reets air 
Gz 0-707 we must becnlle: te factor tes 
ps pant tien! thes Fae 


(S, + a) ( Sp t 12 We5t >) = (2) 


ieee ste cocffieents if. pesees “i s 
pr (1) and (2) age 
AQ+i2 w= 2) (® 
204+W,=120 @ 
a w,? = too(\l+l,0008) (5) 
Girnbining (ital (A) picks Os AaB ey ond an I4-18. 
Hise wales: wossrbe -denetmalized sefen ish te 


(fect lo. 4 = 482X10° red/s ay 7m 
a valve a Saute be. a yes 


4-16 xX 4$2 = /00(I+ 1000 B) >> B= 23x10 


The Sores eee ns walve f 


ch ae. at co 


de AD) 2 i ey "1+ 1000 X2-3x10 > = 303 WV 


(b) Fer B(s)= B/ (i+; 55) 


A(s) 84) = 1000 8 
° (I+ oe (irs) 


- P= 2-ten (2) + tan (=) 


Thus, O07 Ag X 104 rad |s 


A(f 90) BC ”¢0)| (nae 40-997 B 


tikes as 0:0244. 
ihe co havactetisivell Maun auteace. rv. ig Sle 
(1+ Sa)? Ci to1s,) + 1,0008=6 
OVS? +1250 4 205, (4 Ut tO00 B=C 
S. $123, +2 3y+ lo(t+looo B)=0 
Guta) CSy + VZ% Sit a) = O 
a + fz Wy = 12 © 
(2 aah 4 Ww,” 21 OD) 
a we = 10(1+ 10006) @) 
Combiag (6) D a Wy= 1-34 anda 10-1. 
Densrmalizing we obrarn a, = 1-34 xlon vad/s 


meow eine nalue oe ay cc anet ts 
Ee 


ye ae ON > R= O-BxK10° 


and +e cowe iw ies lew 
a TS ag 
Ag (0) = Syeev 8x10 pele 


IZ-IAl /+ a 100 => B= 00] 


B - hor eee 
( eee pene) 
LA6| if 1000 


lABl=1 + Ke 0-786 x107 Hz 
At S. ) - b= tox! 786 + tex! 0-766 = 128° 
ku ; Hes margin. = 52° 


————— 


Nove: Theta nx“ rs en ip hee bok are 
Ao tie pased mom a sherch a 


tle Bade dingrarn 
[12-19] = ae 


DMM OCF a 
Z2TCR om +20 B/clecade] 
CK = Sulee ) in| 
Toe Oe i see $ 
20 CR. Gs 6 


CSS O- Olé Bt 


Sc 10 


els i 

= Jove ——— = —1—___ s R= 06 ka 
tr ar CR, SE 

tp2= 10% 


pale = sre Raia a = 3)-93ho 
TY we he poke pe Ler We ase 
phat comecting Cp Cauaesp fo, fo mote fo o 
‘ br J while fo, and fos remain 


Conspawt ) 


\ ! | . 
Se CS wee 
fr 27 4G R, 21TX 40 X31-93 xGxI0 60 
i} 
~ 8-5 x10 C 


\We must Ages his non fis at tees 100 Hz ; 


as «i 
° fee a => gp i 


Uf we oe vier jato- attounrt— we 


ASS Umea rhat ole at ue ASSURES w 


yreuch ote ply ven C a7 2 OF ees pw 
Ne, Agminant Wie ale at fp3 : 


jor 
if 
6 


SR 56-8 PF 
104 " 8sK10G ort G = 56:8 FF 


We.t'mesk wed has. that fos i 


ey ae ai 224, 


eG 
fps ia, oT [Act GC i+G)] 


40X10 *y 58-3x16 7 
20 [1sox5x 1044 59-8 x 155 x1o7 | 


~36 Miz 


which decd, much ay tps . 


ae fade ace 


i 9 tha Series— shunt 


+] pe: Pi. A crcwis 


A= Ue = ie j SuRe 


eS tks 

33. 4OXxt 

25+ 10 

iy a " 
Th Beware % = 
Tomah: Ss ‘ , 
aka 3 
Teas \+A R= 9 Ri 
Ay = = - Z. 0-89 V/V 
Ripe R; (it AB) = (R+G)*9 ie 


= 9K12-5= 125 ka 
Rin = Reg = R= 102-5 
robs Bet): Re /\+Ae) = = ba: NW 


Revue = Core mate eas 
IEC Anal 
Sa tee ere 4 Pj2-22 


Refer +o 


Rint ra + Qed xRe = 25t lolx! =103-5 BQ 
_Kin ee, LOS = 0:89 V/V 


Reeth Re tle MNS Sa V629 


ee Pie Re 254 10002 w j25 QW 
€’ +] 10 \ —— 


0 
Note: In such Sim le Circuits direct col 3 


seul 


ie oy apace Mees qj rane 4ec i 
The ferctback 


ry) of “the Series— Series 


safe The A tircuct Us 


is peu a“ byt. 
A= # nally ares A 
us; mae +e Su 
ees 7.44 ALT 
2-5 410+0:) 


The B civcui+ tntabean eo; 


ae 4-3 


Best A ia 
‘ v, T aR) - 4-4) WLA/V 


lo Ke Fe zi 
ae “An Bas A.A XS.222 V/V 


Ree R, (1+ Ag)= 18x (10425401) = 22-7 kQ 
arse Rep _~ R= 22-7-lo- 12-7 BR 
ay > R, (itAB)= 0 xCi+ Ap=e 

Ror = Rep //Re = 5£aQ 


Direct in 
Refer +o Crgcans alt pn ios Pi2-23 


Rive Ge + Gwe = 2S tlolxo = 126 £2 


WK | KS 
Rintk, 0:02540°1 


PONE eM Se 


=— 


wm Yg2.) V/V 


The fedbeck ts ef 


tha.” ‘Shunt — shunt ise 
“The A cirtois 


is shown In <¢ R, 


Bae Giase | 
“RII I@x-—Se RRS By? 
=(10 |] 100//2-5) x -40 x (5/100) 
=- 573-5 ba. A 3 
Ri = Rell Re fq = 1-46 #2 | Q! 


R= Ble = 4-76 bo hy: 
B= epee Be Lae | mA/V 

U;, 
Ags Vo _ 373:5 _ 78-9 £2 


oh K; Book 1-96 [4735 = 44-<2 
= 432-2 


are AEE JhQ 
Direct Analysis 


Refer +o the Circoizy agar in Ve Pl2-24. 
ce heawnanet UU, 
equi ps Ae Cieevis tin R, Ry 


U, 
hes, SSAA ee fin “ay ‘ 
Fy. Vp Or 9a 
VU; = (Sg Rj, hy: 4 
“es = n-bye — &) Ke. _364x5=-1905 
j+ Ee 


a Miller's Vn . 
Ne 


Te iene Syed 

ll Fiaee = 2222 
v, i Reig aaa pau AaetSSU eOrT Ey 7 
The Civcuts zl 


f: i a aie ( t a + 
fe 3 cay) Ie Ur Ue 
YeSisowara Te hy 5 AEN uh a Q 


dn hy: D5 isis = VU, /t, 
: + de Unt 5 HRI) 
HOT ee) x 
Re 4 (Rell) Re + //") 


EA 


z Ret RG) 
re SelB SAL idan a 
Re il 1+ JuCRel/@) 


e 00 +00//2-5) 
ll 14 40x (10/25) k 


\2-25} Lp = +B (Ves -Vr)* = Mee 
=> Nes = 4V 5 Tp 10,328 (eV) 

mnie aanabeeke iu of bo = \mA/V. R 

shoe wm py — Spaces 


rah PURC reco lc, 


Pies 


Rd 


iz ais 
Shia Sis iim hy 2 =V/K I fi 
Riv hy 4 
Kis K//Re= 10 //1000 R; 
ih, 9-9 bo f « 
eek Rin X = Jon (KydR,) By: 2 


: =-49-9xX1x (6/00) Sy 
= -59 £Q a 


R, = Rall Ry = 3-96 ba 
By LD ee eee 

my ali he A/V 

lt+AB= 14 59 xo x 10° 


= 1.059 
Sei ATen sa cts might Miyata 1k 
A fa ME) | haplesate 55-7 Re 
PR cers Pie My 
rid wow 5-57 V/V 
at OE Rae Ne 
Rig = Pe +059 ~ 135 RQ 


ace (Ry -g) = 144 bs 144 kQ 


~Ks 
12.26 There is mo quick we in ud ba 5 
ica s + Gaur F i Breese: pias : 


ae Ck ftot the aris Cie 
er pe dork mohing bik A My Bo fictions 
¢ Laven 


We moss Ste Als) and Bls) 


+o sled ide fay onse ae WE 
Ape aie Ye fer r ue ee > blen 12:23 
and veplace Re by Leh = Re + 
AG): SO.) 6 


a vai a 
V, MSS. Mae R,tZe J. GrtR, + Ze 


144 
R596) ep Sagi See ieee 
U5 Kin Bs 154 ee Vv 


BO>= Ze 


y. > 
Thos , s be as PLO oe, 
Br. ae A ED) 


= Bo [ (+R, +Z¢) 
[4 ®Ze [C&R Ze 


Ro 


GrtRs+ Ze(By*)) 


F 1 
(nt Rs +¥e (FoI Fie Ce/@ gt) 
We. Bis) Sea} alert the. Bee ors, 
has a vk wit fey ie 
Sool eT a 
Lar Ce Wat Rot Reo] 
(Bot!) 
We BS. have ar oe sé shis result coe 
er Chamina Kaw of +le Civtoir & hee The 
Yesistan@ Seen 9 Ce fs Re+let ix aie 


D 
vuaericn A Wale f f, ey (Go 


la EEE 
—6  /2-S+lot =) Ss 

7X! pero Oe Kt 

27r X10 x¢ lol 0 


ors | ave ar 


12.2] dc coditms are Hatsanet Pasiee froblene 
12:25- Thos Ipzimp and Ry Dine mw /V - 
Ps At ae ve yenteo be! 0O-OVF7FE belaves 


OS A short Civ Qt and for ac at CieQoi+ 


yedvus +o bot in kgs. 6ékea 
Wore ae baan cal R,= 100k Vv 
im 
Sp ane ty, 
*f ed ck ay fi sh Bt ami re 
Rint J 452 Rin iar 


as =36 bor ff no ~ 6ba 


Beets. te (6h //\wry)~ 9:45 VA 


A 1+ 0°] 
> 4 At Ino peices he neopestoe behaves 


Bbian epen civccit end “Hal” cwcuh reduces 
be shat Ue Fy 2) The 
De Ge. oe mete ag & hg 

{ Fhe shuat— slve + 


Cirewit UW Shoda in ) 2 


R= K// Re pay 


= loot 2//2Ma2r R; 
- 45.2 ka 1; al ! 
he Fc R. x—9,. Rall) me RK 
: 4-3 
ey | ty sh Sod : y 
eR, =-0-5xI0° —U- 
1+ AG= 1S 
Ate ne a -- 434.4 ko 
Rip: oe A Ss cei ears 
Sue SG eae Weenie 
ee CL Se 
Ref - Ref ” PEAR Krk AbRO 
the : es rth ae 
ai mq ue 4 ae 
° Aw Wier 4 d 
eee Q, Caw fp tp 
be deserbed b 


Nionjarenieiean 0 Bt) Dz) 
ro St Op 
Ve (my): 59°45 YZ - 4.4 
y, (0) i do - : 
Thay a eS 2004 
Zz 4:4 
i Ae pene Zero Com be cay 


5-V. 
fond fren the Ge as 


Cavwalent Ciras 


PE 
A be at s= Sz: # = = 
Neds: eayatinw ah? Ko OLR Vas 

a R Vas - Vas J 
J. ys + EGE A + 5, CIR Ys = 0 


2 
= NT re 


Thus WW, = 2 ____ = 200 rod /s 
0-0| x!0° x 108 or (3).8 Hz) 


%  PUp= 248 red/s (oc 39:5 He) 


x At Very los Prerecc a: the VF capacitor Fv om she. abeve we artive at the flees 
OLtS as an open Circuit and ‘The circu reduces of c Sy 
Ir sherch of ghee SN pire 4 tle ciresis 


ke 
200 Iona. Bok. 


ko that shadn im Fit . \ho 
Tihws, +10! asa De 
Canes ComStont at Sacre, 
se eee 200 - 200 V/V 
X At medium i nGe~ sj -€. fre Gentiee 
+tat are Poviseas Laat for sha EAE 


etitw +to ack as a hort cirewit Yes 


su fFicient! bor so that tte. a ) rer phe Qo af ne response can be desevibed 
Jimitect hi h ae oy en Can~ be ne lectec, By Ve > = 9900 st ar 
Wh SDA aecltoap papa alae Dal Bye Vv Lew 7 s+ Pp 


1loM a 


Thos wm have, 2002 4900 LZ 

or JP. tied 44-5 : 

An ritimals palve he a ConJ. lee 
ped fe 0 a aig (ae 


Whe laces 
Cite Wirt ite V, 
coe bein a 


showt.— Sy = 
a “inn 


ali 


\e Nepal 19x10° ss Vs 
Age 3 100 "The Oh : $5 2 A l 


= Bl2 Hz 
a7 CR x6 kx? > 


fp=3:2x475 = 158-4 Hz 


= -1900 ka Bt 


e BE mampslated ae 7. form Ue, @ iveuir ae V, F ies 
Uo a We assume VA a 
iq - hele 1 be Weal Ie eues i 
Re = 10M-2 Neer gk 0) | 
i f Cr Fats | 
if ae Node equakm at X: q 
NG 49X10 RL : 
fi V, 2 + * SS GV ue 
R= ea) Ren = By 10° /Oke-Q 
1+ AB= 100 he ni uae => 82- - | 
ReV//ie)t2 CR 


Ve - - 4900 V/v i 


xX At high f° vencies — i i a “Whe CirCoit Com ee Sunes di erenviator 
a a 
the daw pills off ak hye WwW) iA ao Cre constant IS pee ih Mish. =-0:05 5 
T fz — 


-—Z0 AB [decode due. to the SW iateu 
banduidsh of the op am a fre PON, 
ie Se a any Te = 10207 ae 
pele has ie hes ne fy p+ 2 th \ 
E(B+y 

he f (iA ef 

usher f, & a ie Cque n i i 
Nie i Pa 1s 108 At Telatively _ an daniel 


The, f= 10oX "100 'e 


®\ 
| 
Ww . 
Q 


OLE 
ra RRR aaa the an cetts| ots as a short Cieenit 


lt tia cireke fedces, +5 
ee shew poe my) ane 
Nore hor the Vv 


fed back Sv ee 


by Re is of la shont - shunt = 
PA and hee it 


Comvenient 4p Avansform 
* ie ee Sie 
-Vs 
Novem vesentahon , K, 


as sham Hm Fig: 5. 
Next observe hat the 
feedlbeact here io posi nve Sine Vy anh My 
Remi ehace = Vine posinve dbacti @BA has 
fe effect (im rhe rae ie ) +f 
yaving the in Yesistende of phe poll ewer ( Ye labve 
Le ee Oe Re re LUG)” 


Direc+ mrolysis 
h4- 4 shomss rb small si quel Apes ia 


= if 
Y= [y+ # [ke Ty (B+ al 


T 
De 3p (i e) 
This). Ra ie eens 
) Ww I; ve 
. 03 + bow ¥8) us = 845 bo 
Nose stat +his Siders 


Wilde is mock aventer Mon. that wold have sbiniad 
if RK were ny fo Higa 

Mere Ri). 89e50)- G37 

Vs RintRs. 89-5420 

AS ke +1) + (r/R) Re 

Ye a + {Bt 4G ep\Re 
Thos ¥" 0-817 V/V 


To. oy BES 4 cy oa pesistantan censichr Ho 
Cirenk in Wa. 5. 


qT Ve 
(Gi Re) * Rs 


a i 
=-IT(\+ > 
Thos, Ty pS V>< 


ee De ies R] 
us, 
ey = 45 — Ry I, Bra | 


a 


ce z poe eS Cate od Saat 

aaa TOS) [G [Ret Rs) "ilk +®) 
Tho, 

Rovr= = K qi [Gn URS j+ Rs] 


ee +1) 
RE 
bwiito ieee SNCS. 5202 


100 +) 
03 


peas Na 


“Thea Gait is 


es rn: oe Be tim 
Ee 
R= ra A Rp Ate +) Ona ui 


= 6:18 RR 


Arve = Saar 6.13 x0-9% = C16 RA 
I; Ye+ Ge//Re) 
Rr l/R, 
Ro- Re PR, |] } a 
MeCSey aoe 
B = fe mA 


=z t 


14A% = J- 616 Xo} = 0:384 
A = Lhe Ge Z 
j a 0-384 ~ 6-04 BO 
Ta - 16:04 ~ 0.8 V/V 
i 20 —— 
Ueda onlye he a Lemay Pat 
Re 14h% yehen3 9A aah qko 
! -l 
Aa -(g - a 7 ae B2 
Rat Pp = SE = 166 


x At om les 1" WML ad aie. ro 


aiCHS 4S) an as Civ eui+ Va Civwi+ 


Vo. 16-7 


£ 
Vz 167+20 1-003 
Rove = 1 /[ (0-008 GP 20ffte) = 92.682 


= 0-45 V/v 


A teeth a te 

f Os Gita okie 
an moaninoe ky 
(0 ae 


The Zero 
ane Can 
be dererainad 
from fle Cirevir 
ghosn: 
(BwILt Jb 

+ ED) ah. <6 _- (B+) Ty G+ ay 

SZCR SS CG SSCR 


= eee ts Malena Coe 10 
SI CR B+! + 


Thus ou 1000 rad/s Wp = 1,600 red/s 


12-30 Tp, = dps,2.65 mh-; ahes Ves=0 Andi een 
ole eae ot tte Air & OV. Suz 228 = 8 Aly 


x Ay yoy leo Lees OME 


+ 
Me. 2 4 Bo M2) zh 
Swiape 1+ + fei 
. = > 
= 0:5 x BR m Rie Rous 
= 0-44 V/v 


Ror t JOG) = Wt-2 


KAR very hi feepuencien 4 
wae Civ@it ww 


‘Ss 


as shew. iPostinne V." 


fasdeace of he 
Sow ries oo eee iy 
pe 
TV Weer Ruciwenth | is oe 
K j= 200/142 
vA 
ee TinG@z 


J —6 
Fires mi Onna 
Dae 


\tAB= |-0:59= 0-41 


Ap= Nee OST 44 me 
0-4 | 


we wey ide is at 


sh edn ; 


Vo (8) a On? Sear Oz 
V, (9 oe) 


bigot ag 
4 
Whe iy 2 tha Zero cow be Aejerm: nad 

by mend lo =0 ee phy Gide ke Cireer Shes 


Node equanm OK: 


J Vg Bs J..Vgs R EN G= gs 70 Ves 
m s+ me 


s,CR 

+ ost 3b 
R Fi 

Silver ta F ~JV9s ; 
CR(\+ ap) cma 7 
BRON, | 
CR f 

2 

aaa RTP he 200 rad/s 


“= 328 rad/s 


12.3] SAE 
see Bpret 
Le) 0-02 mA 
Lest | mA 
Ye,= 1-25 £2 
Yeo) 25 cos 


This Vier. vather 
talerespey Civcvit- oy 


em boclies (na 4qak ve 


fedback of uy 
the Series — show ( 
ia Resistor l= U, To 
by .2 és 
kK, epmpitt +be ae tes toke | ap 
= ys 


as v; and page a Cw 
W,/R hat io r oviomel to Vz. Most f ee, 


Cuwent feos sito): tha emer and collector 
a G, ad thos eve Me across Ry a welae 
(she fedback siqmal) hat he ney ped 
fr Vz. The Wolomge acress Ry de mined ws ish 
es Looe! contnining te emidher— base 
juncnm © G, - 

Te buck the beck lop we ae 
have fo disconnect the callecter f Q, feo 
she emer of. The A Greir is show in ¥y 3 


te2=(b*) ts = (B+) ey 


63 
68+ 


‘ t . 2 5 Ct 
es (testi) =-R, (C=) ley ae fitteiae 


G2 
Se, 2. [tw es Se) 
i Rit Vert Ee ue 684G2 884% 
\* 
Thos A=- Re F (G41) x 68 + Gre 


Ry 
R + Ye,+ gt! 68 +2 


10 loi X 68+ 2:5 


gh WOcs OES xe 
O-14)-25 40:09 68425 


= - 676-8 V/V 


Resto h a! 6763 .- 87-1 V/Y 


ay ap 
Sina Use Lee 
= \10 


VU ‘ 
Be Ue UES a7 x B 79-2 V/Y 


A 


R} +Q (Rit &) 
= 4.09+ lolx(a-f +1-25) = 145-4 BR 
Rep « Ri (i+ AB) = liZMa 
Rin (inte the base f G)= 1-13—- 9-009 =)I2 MR 
Rin = 100k 2 // 12M - 92 &2 


R,-R,= loka 
ak eee, amy: 
Roo Rap itAB 77 “15 RS 


\2-32| This & a challenging problem 1. Fist plewen 
note the pis changes fo The ts ae stat ment 
(from what “Ae ie the for GO of 
kext) - 

— Change the emitter ferispene. fra [00-2 fo 12 


( Ae 100-0 emitter (€sis eer ee Cater tte Cirqit & 


fo become unstable - 
Eee the! ciccwit) be 
QA resistane R, P25) Loan Cvaluate We Sirafe 
ae Y/N (nor %/%j) - 
We shall mad present a detailed solunim. 
y 4+3V 
dc Area 
ae Se) 


wih a Sore heving 


we svaAll assure 
em and we she 
olor  meqlect the 
small cowent im 
he Bete ops 
he rou - Noe 
hot 0-AVg ~o-7V 
Thys Vo 2 Of 75 V 


——_—_— 


Seren . 
J. ~ ‘feet = 1-2S~™A & Te, 03-24 «0-23 
| 10 mA 


ard Icy= 0-023 mA 


WN fee niza Ase, CN eee tel ad yoo) cal 


Wk; fa~\€a car iooha. 


nate { +h Taverna sb 


Nev+ EIS NS ce RICA ze shut ACD TOD 
TV he Amp li \er y fen By Ae 


ee ay 
@, *| 
ferdbact yy. pha hs 


es Na 
Fanny Gh Te aaa l to 


fd & an Ze Laps 
4 Paz 


Vesistands Rp and arp 


ee thady ia Kq2- 


— 


Ness Sante Rep we shall mafe an TO ie 
considereb| ik the Py Pena Wet 

shell nd. - co\lecter- CL, ist 986) 
Ve stot ohn ga ost / se Collec ter 
Cuwents a rhe’ bases 7 ol 
transi sev . oe aseumphion tnables wo 


fo tliminale oe Collectec wesistuntes fees 
Da ac epuivalent Crreant 42 SApun 7% Ses 


Cee ae Seo 
vente. GY ages 653_ 
NOS te 
WE iicareiai an ad's abl 
Gee A Civ shou 


Kee G LE OL Meh Ve Se 
auch ours aii eae 
. je Won nw iy, iS 


Cele 


ie 


This, Peels and \4AR= I 


> 
5 
WW 
H 
Oo 
" 
> 


a ohre rs <2 = 0-41 A/V 
walve +o. determine +40. 

wv o\ aim Mo Sin ces oe oe eee 

tel -Ay RL = — 710 ue 

Nove hat a ; 

the. rahe ‘| ee gee 

dee case ie ferdbacte PN 2 

@ miter Be ip +o de ee 
eo Ve v. , bot Ve AU 


Ry Rin Af) = 100 Yi = 1 ee 
neve roe that Ry = 1 Ra Coens of 


ies fo 


Comes ab + 


Es Pransishws tc assumed jin jaite). We Caw 
Mow ce LY 4) fd Ts Malt Cire Mo 
ite ase 


wa 
Ce 2k co \, 
we hl see A y: 
+bio Ce Circe i Ly 


Nees.) Lr a 0-4 A/V 


_Gse@) Cs00 
Rinse 26) k2 + 


Vo _ 261 aR? vO 
Vo ees Hee ne 
S 

=.466-4 V/V 


Ray teh Dee ees ae 


wie Caae Peyies ba 


1K. .€00r 


(épvesent te. Circe 


a Bee highs un where G acts 


ASinigs shat Civewr. 


Caste (eae! ile 0 
The amp |; er 


€m bods. shunts 
Shunt act: 


aanlas anal sis 4 


ry + \ 
Wey d. Ve z 
1 I, R V, o-NV, £ 
A= Mo = R. X0-9)X1000 = J 4| = Ouse 1 eee 

oe) R donk X 
K; - [43 £2 Rae 
Thes A = -130 M02 


Pom Tenn = HaBe 107-3 


eet eRe ISR 1: 
Ag = Pith Leta pale ey 


1 ee ee Ves 
ee = ee = AE N/V 


15 ( 0 a es te- _* ; 
With C= I/F: 

BAG6°4 Dama 
Ve (en acea 2% 
Vs st “5 
whee 


Op _ 466.4 
ae. 4-76 A% 


= 96 fp A e-4viR 


| O41 \/. 
To de perm’ ne 2. ~0-F! Vi ene, V=0 


Ws we 


\" 
Mee the *— 


Book //1-1M \e 


Cquivalent Ciccuir shoan which Mice Pe | 
gS= Sz . We ral phot 


Si 3, C x 0-4 V,- R- ZO wT Va: 


Ths 
So = -2 
Gd, = poate he cc aie 3-33 vad/s 


CR 16 *x 00x16 


fz = 0:53 eas He 
A) = 326-34 rad/s 


tp = 52 Hz 


Eeclimiauess!; Shook. Shows 


Gesdback Shea oe 
A ciresi+ is shade ya 
in ky-2- 
‘, a. Ri x9 CRI) yg at estes 
een ok! A= 33-6=Ny 
Re = RARE [Yop 
= 1o//100 //3 
= 226ha 


A=W 2-26 X33-6 % 9.09 
= 640:3 F2 


ih ied Not 
Rin = CR 7, ) 
= 295 2 
Thos , An 0-295 Q-0286 
A, 10-295 
Meteo BIS ROS 
40% Us aj. 00286 = 


Ry = RellRe= oF Re 


Sine in shi civest A is required to tnd 
+e fesisrenia Sh Ui =O ; settix 
. aes dleswi4s she feed beck anc! 
Rot > Poe GON EN. Nd thar in 
sk thio ei Bia: assumacl the 
oe Sorc hes Tie aja} ve of Rs 5 


Wale chosen Rs) havever, has no 
J, 
effect on ae ard Rin: 


(6) Foblem Wale ZA) oi SBYe Calcolekas as im ho oS) RP. ble a Jo-12 


soluKa. Ao Beye bVen 10-12: I,,=0-36 mA ; No-Loed Case 
Tez a 1-07 mA 3 Ve,= 27-2 5 Ve2= 23-420. Use a SNiLe ayer) 
(arse Wirk C= 0 +he overall fetes an arbireaiy Ry, aay 
Sy 
desws d and he Vesults are as in +ha wba. SPonwevshou 
solukon +o ‘Pea blem )6-\2. Wik CG Yemsved back . 
vp" 
the Cirwi+ has oe of the shout — dy ce eta 
chore = K, WR, ff 


short + To solve DIES soak : Ry ij 
Pe oe, 
eee yechniques we ee shat tba F lol/io | 28 


Be ey i egreeet eunee iia. Vesisten Ce. “f min A ye ee 

arbiyrar Malue, oes 10 bet thosh ae By esow 

Ravel ghes coccomne lok @ = ae! = -a1 A/V 

(ies Pleace. I+AB= 8! 

More ot te 1, fee o ~890 =-9-98 ka 

orser shat he inter es ka 

Nalve f Kap “2 = PRG gga 
Yequired to with U.=0 EMWccutles Wont a eur Sol: om ene 12-4 “2 

tl feectleack - BV we Roe oem Same f 


Wale foomch ao) viteaoe deta Me aoe =) 2.3) -% — Coen With oa 1-42 Load: 
nope KN Civesit is —» Kj = 5// = | ho 
i= Rk /| oe oF A= & -R x-24, C10) 


=10// 94 // 2:4 ‘ R 7 
Reyes =-2x40Xx! x ee 
A= oe Rex) fe/ > ee Mof/Ry) = "727 ka 
\ (rer R 
be. (rer +Go// ie iene (10//R,)+ Yeo -—Z = -O-lmA/V 
Gy We Ata : 
22% 34-4 x 9-89 x0-997 = - 7466 ba Bawa : 
3 = Vo_ — TD, 
lt ABR= 8-94 =-8-6kQ . 
; { 
ste pel eR a es ae te 
Beat. x KRyp= 23 
K, es ee nen GLa: ( i if 8-27 
f +AB ” B04" 24 Vhs Yo lS _a.gy 3.27 = -72.7 WV 
Ujis tsx Rites 1.x 246-2 Rogie (2:-#)' 
ay U, 1, 2 tree Reg Rs 
aes ert % = 83-50 x ee | 
! Zs U; “os 122-49 


GQ) Feeblem 10-14 : 
Wis ais (Salrte haying 


an prea) ne 


finive ae Sey lok . 


P Ci=c, = oo 


Re =R//R, || LOle: 
34(P.*) [rez +B Ay ¢ 


10 //100 //-)oifoas-sia hy Gg, 
= 6T7RA a 


2 a, a J 


For ‘to 


A= -6-7 x 400% 100 
=~-266-°7 MX 
Sola ge oe 

au UR Jeo amNY, 


% 


4 AS = 2667-7 
Ace ue 0. | M2 —t 
Rig cd = 2-5 2 
Ite®8 
Wee We b> LON XK 0S 4 
—_— = —2. —— - =-4X10 WV 


Az - 67 400% 0.2= - 534 po 
Bo- db male 


@ 
AR =. 6-36 
Ace 4 Me GAS Bich 
Ri - “er = 1-05 FQ 
ms pS rere else V/V 
Kine (Et ay 2 IT kD : 
Cy=G, uN A cicesit 160.2 


R, = RMR, |/4 {( fer) [1 4G tert oat 
= (0/l00//4 fia f0-25 +101 (0.0025 +ai6]} 


= 3-99 ¢2 U;' 
=to\_p 660 ie Rll 
Ae ihe 1 bo4 25+ Bo : f 
xexex(R//R) 


=-109-6 x CR. //Re) 


2s 0:0} ALY 
Weis: 


for Rye: 

N=-109 %100=-10°9 MS2 
tN B= 110 

pena Very gst 


Kip = Ry : 8.47 = 81-8 $2 
f Pie 10! Oba ce 


U Uo | 0-1 x104 
ee en ct ancy Ne See oa NY, 
U; ts ” Rig 81-8 leases 
Knee sce is Ooo ee 

(Ry ~z,) + S282 


For Ky = 200-2 
A= -l09 X0-2=-218 po 


Jt NP = 1-218 

Bae -17-9 BR 

es 7-38 RW 

te a ar 2-2-4 V/V 


I oy aga 


GHAPTER IS—EXERGISES 
Vee = V- tn (Ie /Is) 
= 0:025 fn (163/16 '4) = 0633 V 
Gn = Te [Vy = AO mAIV 


= 108% = 250M 
Vac i= Vy fe (1i/Js2) 
Vee? = V7 Se (1, / sz) 
Vpe\+Vee2= V+ Jn. =) 
te Vpe2 + Vpeg = V- pe Ey /Xss Ica) 
But Veei+ VBe2 = Veez+ Vee 2 these 
Ve Ln (3° /45,Is2) = Vy (Ta /Ts3 1p) 


=> Te eae As3 Isa 
ae 4s, Is2 


Eqn. (3-1) => Ve tn es Jo Ra 


thos, 0-025 fn oF = jon Vesa => Rq = 1-5 22 


Ye = Vr/Te at 5 ee 
Gy = Bas == SRA 
i she Ons aN25e 2 
Yu 


Vee 1 3 OSES V 
Veeig= 0-7 +0-025 I (221) = 0.585V 


Refer te 


by OF and g, having ta athve mode: Sine hein 


Fi 13.1. The ope limit to Cletermirad 


Collecteys are at 15-00= t44yv; ghar valve Con 
beater “te! the opp Timp of he Comm on — msde 
Yan oh “The SLoiee heh eo itera ee I Ps and Y, 
leeving He active mock ; rue the Lower limit é 

-15 + Vges Leen VEB3 + Vee, = -IS +24 = -12-6V. 


Using HEA resul ri Exercise 13.2, 


Ti, = 0:25 Treg Is, Lois 


aes 
where Kaul Y are jhe to eve connected! 


pmo Riisaes ty loce 20°73 mA, 
Isiq 5 Fis = 212, -3 15> C becarae- the areod 


@ach ¢ 


of nthe ohn cleviceo ia three Limes eg aren 
dur 


Vet 


Tig = 0-25 X0-73 x320546 A 


A device. ) We dbtetes 


iS; 6 Keler to (Oe 
@ Ue = t (Rete) = le (142-63) = 3.63 he Xe, 
) teq = ee 15s: a2 te A 0:08 Le 
he Ae on ~ 0-0008 Le 
@ Usz= Ue t te, fez = 3-63 %,40:08 &X 2. =2.32£0x2, 
2) K.,2 <b See ae 
V1. =a 
)3. 7 Assome 8 side nar so wher 
Can meglecr bese cowent Cor Porpese here ta 
tr oe jee effect of esistanle mismatch 


j we pmitter ) . 
Thos U, = 4, (he +R) 


ere 


where Ye pie VA Fesis yam le 


On Curren 


eA chooks. We 


Nw Can aa ye Cmit er tuwent ¢ fle Frans! S ten 


a 4 = U, a 7 Ye+R 
et RtAR © Yet R4H2 
alll 2 ae x7 w ; Ye +R 
f§ = Mt, t 
us * e t Wet+R+0zr 
Thys ge ~~ \— BR 
ve+R ow OR << ork 


Wie Pp 
t= rs (feit Fes Rot) +2R, 
But Ve, = es, 


thy Oe _ ici Bp 4, 
is ' Zhe ppt +R, R,| 

New f Ro >> Te (Pot, 

te tog Sik 


Frew Ke resolr of Exercise 13-7 


we have 


eee ee 


Now 
Pit es =» @ «2/4 \o SR eee 
0 2 “8 I (| Pte Z, Rate 
=U, Pin pes 
Th oes 
avenge ae rks. 


[13.9] (@) K,= ‘oq i 7 [RK ootl 10 | 


where <a Can be foved from Ey" (13-6) 
Rest |, = I (tt Re /@ | 
tli t Ge Re fe y 


(x= 10B 1% = 6600 M2 


Tals ; RR lo = 6-6 cos V3 2 fos 
25 3) 4_ Mo 
Nw sin as = £000 _ ae -2-6M.Q 
mq 
we have Ro= 2-6 /] 3-.4= 2-4 MQ 
ES etter pera oa eS) ae, | 
os Teaee eee 0-058 A/V 
CMRR= 20 Gog Sm 
rt 1 Cm 
= 20 log vis SEE = 0B 
0-05% Mine ee 


13. 10} (@) De ee Cowent drawn fr phe ae 


sip) b IT=lOmA. Ths R= loxis= le 


We Cowen fram oh Vee 4 ‘lo canspant 
at to mp. Thor Fee Le ENTE mW. The, 


Fo ie = 300 mw 
&») UW CE4> Voc- hear tS = ss su 9 
qo tees ts JOT DS Se 
ees | 
Tey = Ucet ‘ tci = (is- ssme)C10 +5 Sin@) 
= ISO -25 Sw 6425 SunO 
2k == 50. 5™8 @s6+25 @sG=0 at 
ee - ee ae 
Sin O@- oe 1-2 g 30 At 
Boe! Pe, = 150- 25yb 425 xh = 156-25 mW 


| V," ae Wala? 
c = =  S = ° 
Vo 


2 vec = Ex Bn 5= ALT 
Lc 
(») Uen = IS-5 sin 
j 5S sing : 
Se ee, Smo 
Tn? aE 


Tu = (s- $556) 3 546 


“ 


(a> Fy = m \/ 


=75 SMO -28 SG 


Oren - 7S G@sG@ m50 SinG @sG- 0 
Oe 
ak 6- go° ) he 


Paae ¢ Ore 


13-12 Aa Gan be tery 
ee by a résiskana , 


Cag . 
ee 25x15° Ue 
16 x19 
= 1:56 k@ 
Trig 5 A ee pa 
40 X 0-165 


ee ge Rie h Grips 2 
Yet (Rig }/ fas) 
NU, 


1 = ss ers EEE ee a Pe a U, 
terq + (Kio// %ris) 


= Uy x 6-125 
Thus fee  - 6.3 <2 
Z 


—<—$—{~T7T7T 


13.13 Aaaint FR)/(Bu *)}+ 


ae ite) / 201] ey 


= 9:4 +¥eu4 


fer an wiper Current of 5 mA; Yeig= 5 and R,= = 14.4-2 


13.14 | for Y= lo sim wt 


dV =wrxio @s wt 


at 
SRP- Bola 10x, = 20 fr, 
f= aaa DESMO LGA Fab 
MM” 2Tr “20.7, =——— 
= : i), - Ga 
HOLS € and 4 a 
“Pavey She oh ea bd, (1) 


mit 
With a YeS\Stan&@ Re inCluded Pr each va ee 
emitter lends 7 Gand Gy Cm, becomes 


Gm, = 2x —— 
4fe+2Re 2@+Re 
Bi rebe | ye kaa eo 

2Ivetik, Ive+Ike/2 
ised 20! Nye 
IR, 
V>+ 2k 


9g 
ae ar - 2(vrt 4) 
Sobskw nix va ah CU ete 


SR= 4 (V7 + I&h) Wd, 


For a given wh, we com Asuble +e slew 
ate 194 oe Re whose Vabne ees 
ike (220 
eee a 2 _ 2k2.682 5:26 £2 
Noe her thin “nalve ¢ Fz Celnted Gy b 
hale ‘and Co has to be reduted! fo ha 


- Yb iar vaWe' Ghee Yemans constant.) 


CHAPTER |3— PROBLEMS 


ISI Ba } Ima 
Ves Vz fn. oS . 
= 633 mV Gan | | 9 

A -3 
wgideet a) Wi MC 2oys Tig De 
Gian V+ i 0:025 Oo RAIN 
ay = tcp r= 0:75 X10" _ 30 mA |v 
ae Vt 0: 025 
Her Nee 


Te basvcgie Gi te S5\ Kee izyS ce 
baci fe) coe fo oon ee 
ay ek 10 ——————— 
Rema ON OR ara fh 
Gua 30 LE 


Fey = lOB, No ae 10x 50x 200 =. 100 MQ 


p= 10B, oB= 10 XSOX66-7 = 33:3 M2 


T= to (4g) + a 
Ths, ase 
te, = _~ 1+/p)) af NG z|® 
Now, Ws Te, é tie 
and I= To, ovBE Wr 
Tikes op x geeky) we 2) 
} 2: a ) Cl ( | 
Sobshwrn for rom (WD Yesults 14 
teal i al 
"it f) 
Ths Ts2/tey 1. (1s2/Ish /Is)) bY 
2 [14 i+ 1B ‘1: is ye 
aT ayes Ts / Is 


ie GG 


(@) Foe Q, having twice as ica an Citi area 
as @, > Se? sa) 7 Te and 
Je = 0:5 ton 0-493 


0:5 
7, It jo + 2 


9) For 6) ie ah as Pai ah eoiriene area 


as Q, ) 1.4 = Sl ‘Sy, aud 
a a - = | 4 
l Wee 100 an 100 


N 


155 Ke fer to Fig. J3-2 
(0) for doio= IAA ) 
Jeo Ky = V>- ie Fer 


Jeo 


a 25x09" Qn ne, 


VBE 10 = sey + oe e 


Jeep = 178 


a LiZie ee 


L BES MV 
&) Fer Tog = 100/K, 
Ra = Fan; Dre, 1): 575-6-2 


yah ee ae 025 Ln (—& =. 642.4 mV 


Refer to Ry: E 13-2 and use the rvesul 
= Exercise (3-2, nae 

fa= J, 

Jer OU Case mae pe xo 4A , «d= 

and Iz= 154 4A. 


154 = 130 iso ee 
SI 2) 


This ke dev: as requ ved caolo i 3-5 times ras aren of & 
Standard devia | 


13-5 Re fer Po Pg 13-5. “he ne bepueer tLe bases 


f 4 and $29 e 


Ver = ue y Pies was 4. ee ose 
but Teg = Tez art Tog eIg35 , 


Ve, = 2V+ Sn aot 


sya 


New + vedna Ie), from IS4¢ “A @ T7 ABR,‘ -€ 
rte of 05 , we nes!  recle ee by 
2Ve Va ie mV. 

Thi chente con be effected ia Ce pee 

of, Rig 3¢ pe fe the Covey lah Gq lec reases 


- 33 


Y from IS6 AA #2 158 @ 25 = 3-9 KA. ait) 


We more that he! Cuwent “n ae wy LI snlrensa 
from \65 HA to appre I77 KA. Thus Verig i 


Increnae from S88 mV fo =S590O mV » a meghgibla 


vat nig! 2 ie Tet bees Rita Gg in OCA 177 /201 
= OF BA. Sib) sii caee Curent si Rio must 
be 3: ta 0. f= 3/5 A - Tile ajlahe of Rv shnC/ 


terre fore be ae 197 Ms Ate 


13.6 de bias 
Teer » Kio a do Le Jee, Tea okey y Leg ree tnein 
snchangea Vine ate fe Vie og 50 rt 


2x14 
iu decresmse- by 35 mV to 482 mV. Subshnrieg 


Tw Ge 13-2 yield the pin Valve f er, 4s 
: iz Vi, TRz 
dez* aaa bec 
3 
re KGS 


A82 49:5 X05 _ 9.6 
200 + 25 mich 


We shall mext cameo solve the jpssdalas in 


Exercise FASE Sing Z 4 
( Veg = te (Retes) = fle (0542-63) = DIZ 22xT¢ 


) 4... Vi 2te - 3:13xX4 Ca Paper is : 
. e7 i eee a te 
(2 ve Cer | pri = 0-000T Le 

@) Usq> Ue t ley z= S13 Let 04 te xe 


2 13:3 Lo. xt. 
—XSXSXSs 


te) Bae ~ 3-3 #2 
AA corer 


Ts find Tha ore 


tase vo beep ae 


and th. Wo in 
Hrnineds and fod 
te wv Cowent 

of 1a! first erage, T,. 
Dividing this conent 


4 7h, transcendlultan Le. 


of the j smge Gms) 9 the input Voltage 
whch wh a reduas 1, to zero. The 
by sou he Var 

Frew le Fijoe ae a 1B 

I, = (Ay- eq) 1 = (22- 23)x 95 YA 


S| 26 


Thos Vere = \T,\ _ (80- 8)440-5 et 


Gm (| /5-26) 


To find the i 


Mh on of set 
Aeliene thet can 
be oat iam ley 
short Fines 4 R, or 
R we fd rhe 


offset ne Nahas 
+ ASSUmIng an cde )ka 


Saas a Est thet 

one of Ler oe resintevcd ( Pumiis) pcoltisherriciecsiel- 
The offset volimye Com ban ort iy} analyzing 
the Cicewik shown and then ies Ty AK 


Vi a + Vees = VBe6 
Sphere celVpee A ea 9-5 KB X £2 = 75 my 
Be ¢6-Yees 
Bon ste car Ae 


as 
The, T= Teetie C462, 


0 
0.4 6 x 1Sx10 23m 
C [526X908 


<< 


arc Voge = 


Keducing AR by a factor of 10 redvas Gate 
by a fect of 10 (se she Bi hiats fe Gore FA 
Exercise 13-8) and These imcreces Hla Bete aul anole 


Yelecion tatio ky a ‘ae of [ey toh PAS) AB. 


B+! 


Thos, ‘4 7 9.86 x 10 


wba re By 66 


0.2 %-t= 18410 View 


mem 


Lo: | | (a) Shore Cireoiring R, 

First we must fied A effect Pee Aes vasoa ys 
Cuwents a Ps a-d Gr, + Ds will Comhnve fo Carr 

O Cuwent raat I (ie. 7-5 AR). Vee 5 wcll 


Comfinve te be SIT my. The ees now Tis ost 


acress the series Comloina haw fi Veec Ppl datas 


We Can wrife 


Ve An en = Wee ie 
cé 


The selurnim to thi Shae 40 1.=7l4 FA 
Now ts to By 197 and ler R,=0, 
len ila , he Used tolentin 2 exika 


Pe 2 Me REZ ng 5H EL 
eo Yee t Ro SSS at . 


rie = ol Ly +l x 058 1, = ox 1-58 le 


Thos +6. ae clecreases ley pe of 0:9 


1-é. he | anes take Ve ae hon KC 7s 


(b) Short cicoviney Re 
Th effecr m dc bias bo as Nous: Ds S 


cmducts 9-5 HA and Vges= 517 mV- Vere becomes 


13.12 


Gt tele stal 
R, + (bs) re 


Th 1+ AB= 48-4 or 33-74B. The, 
the Common mide gain wl) Le reolvecd 
B37 Abr Gwespondiaal 
by 33-7 oB ; 
+> J4 dB 


iE LN RRS es SENT NI as Nn 


by 
(nCreases 


fron 40-3 AB ( From Peles ¥3-1o) 


the CuRe 


[3.15 

The Usbesen 
Yesistone 

load that Can 
be driven is 


Our heer 
ee ae 
R te aa 
(ass ie te27 
Sige t2 9Ko TOKO y She ae 
Te_= 20 XS = 100 mW 
Ths Fe = 178 m\/ 


Avera é ewer 


E fhe: a Be 


22 = 42m) mW 


Losr in follower = I76- 42= \36 my 
AZ K100 = = 23:6 23-6 %o 


Veg = Vaes +t 75 ARK (AQ 
oo 526.5 m\/ 


Vace = Vp es = 9-5mV which Canece i to 
45 
became | Lee 9-5 Glee ne 13-9 MA. 


1. 


Now nhs R Oe 13-7 and let K,=0, 


ye = Vos = Le (lest Ri) = 2°63 te 


Thes t = Ub6 = 3.63 be SUZ} t, 
) eé Yeg 1-3 Er) 
And G = x tp + ad 2 Ly = at, 
Tay hurs she in@reases by oa ees = 5 yi? 
Mew gar = old gan KIS. 


e Shor+ santinntaregy Ry and Ro 


The de bias and an Yematn oe 


Fe = 5X13 = 65 my coe 
ee = 16-9 mW 
N= tn x10 = 26/0 


R 
* For 6-V pek- Sd wee a he 


cme aR oe 


Symmerical —2-3V — + 2-3V wees Have 


Pa 2 BK23= 115 hw 
Gee 23 . 52-9 MW 


” 0: 


46 To 


13.15 


ithe ‘eepgel Cowent om 
Le a 
A The Meogeimom Convent 
ow each of Gy and 

- Bie 
¢p 6 oa = 50“A 


Thus we can wrise 


50 0-025 
— = 2 


1oL 
> ay rh 0-09 mA 


13. Ie The Cirewwir sheen de Eng 
ow 4 Vae eelbrhens it inne 
a woltege drop equal cximetely — R, 
y, 
es, T i ee r 
BE ( dai =z) . Yee R, 
Can be kL lecn ne x 
Set sg Ie se pe a ‘ 
a hee woke fae R,/R2 Thi. he baaeo/ 
on the Gee et that the dvansi ster B Le 
lavge and fous Me hase CUwent to ar thet 


small. We shaoQ abr moe thet abrhowh He. 
ao we Ya B ist Yutlay\ dosensifive bo. ithe: 

» wk meverrbeless ends gn the 
es a becamae Ver ckepends om [which 
he wa inne close to LT. The daar of 


sata A Cire ke Oke biasin the Class AR 
lee sis ho bat rae Lie cay ee 
desived 


Bini Be Can arrange 
i ake f Pane bias Cuwent dn 2 a 
transistes. “This Cuwent can be made onuch 
smaller than tle cowent as _ 
+o tha biasen pabacie The b in Comee 
Contrast +2 the ~the Case where to oiods- 
Connetited fransisters are aed +> Lias 
she cless AB Wansisters where Sen ieneietst 
epur Cowent sll Awe e T, towbets 


v4 or even ee stan aw f 
dlavices are larger ato! the es Akvices . 


-To be Ss ag oy ae cosider db 
I 


first He Case o Bc) esi | 


+wo dicoce—-counected pransistors. 


Picbermore Ace Unk thet rho 
ov Aevices are similar to 


te ees dle vias. of aoa er ee ae 


ahs. viesCautt §=Cuwent dm +h. OVreutr devices 


wo wae le ies Which wv raxtec Jarae. af 


vn tow. Side at srt 


1g = “A cia Am = 2x0-025 a, = = 126V 
The  cvemeniee Yesistenta of be fone 
Pine F Fave Dap ae Leg, 4 GF 2\X25= SOS. 


Wher Gy & Tt ‘the maximum Curent and 
pte base cowent bs mA oly Ol mA 
wll be left the HAG meriwh. Thus 
Vag become 2x0:025 In ae, = 1:\51V . The 
ey Des | (esistana. becones 2X2S0 = So0~2. 

Cemsicler ext tte case of maing the 
Vee pac died aed Liasin the Class AB 


roe Ne The Civesit w as owt: 


Naan fet DSN AK aind" lcensider 


tom swall- 3) nol 
CSE Miitiiay sin yee 


Ano clot shown we have 
VU. VU: (Rio I/ Irie) 


TiS = 


ha Leva Syote. 5 we 


wee 0:05 MA Vath sha 


R,, ay divider then CRyo/] Ye) t Yeiq 

~~ |: he V. are AGI) y Fig 
Se = 0-95 mA TS |mA- Let we Yerq (Rial tr1¢) mae (Rio ll Gig) tere R a 
Porter we lect +6. base Current “f ? DAVIE DSS 


Wane SEs [req +(Kiodfme) | ee (i+ Falla) 


(a) Kis =o ko 
———— el 
Ass ome Veg ~O6V 


@. ho ad a Curent o [mA ile Vee 
=3 

w L0 be 0-0 hw Heels a On 633 Vi Thue, 
lo 


14 


te i 9:633 12.7 ha 

ne Ae Wk .) a Re han scl = os = 0-06, 
Ler pe ASSU Mma Dyig died idis ul uo. Ais By Re 

lh must be se+ +o 2 X0-025 Wteees 54 = ISLV, Vgei9 =o: 025 Dae cee 
We Con now tind He Msi valve o Ri fro 20563: Vi 


151 = 0-655([+ SL) > R= lo 4ko 
Tk ithe’, Went enue, heme ea weds the base Cuwent 


of On increases to 0-9 IMA, only O\ mA wo 


cig = 180-60 = 120 MB 


Vee 1g = 0:625 Ln Boxe 0-580 V 
(e) 


Hei sheath ta) Diag alii Hoare | Shih Thos ) Viyps = 0.563 + 0-580 = \143V _ 
ow ¥ ) ” AD . ‘ an 
cauple of itrehkms we Can shoe th ax |) Fhe ale = 4-8 mh /V 2 rie = 20-8 Re Yeiq= 4)6-7 2 
O-\ mp divicks as polars : 0:044 mA Sue tap Ny. WV AK@r 
resisthve divider anh 20-056 mA the ran leATiat i 


the tansiskev Collectw. Vhus Vag reduces () R= 80 bia: 
oe Vo Dus ig ote era 
ko 0:044 (12-1+ 10:4) = |-016V. 
G ) SSS Ass ome Veeig > 0-6 V, “ten IRip = a IM his 5 

“To find Hla le aranentenl) pa ere eeics” “f 


+ha ee An rispete We ee nem he PLY | 


: x6 
Lege Jeo 7: 5 A i Vigeiq= © 025 i) Tae =05\\V 


e R Lege 180-75 = 1725 KA . Vecig=058) V- 
hoon. he’ wey 
fer Roe ha icy 5 Sie Jeng Bs Wes La 7 PA ve shill 
ie aa i a8 (aos 1(4) Ye into accent - ae a better e€shmate f teig. 
be shown bm) te OF is v) Tein t A Big = > oe + |. 72 GAR. Thee i 
eee Mies 
"ABE SR Vaeq= 0-SISV- Icig= 180-9= VI AR: Vee s= 2584 
ies a 
% Re B TAhee yeh = 1104 y. i 
t AKY ; 
Tor cue Case we com subshwre Nevers cae Z 2-19h.0 
! 4.62 RR = Q 
Matias \" BUA CXDYESSI OM ana Obie : mig = ue if mA/V, Cig = a Teg 
pha ee geist srt = ISO, and ye else 
rein AL okveme Senta ~ 160-2.. We [5.18] de Biss: 
yw ove ab et eel claraa et an) rhe ae af Jee = Mec - Vewi2 - Veen - Vee) 
: 6 
Sey oe G (esi stemie Can In Oyen hes “a = A057 gts = 0:43 mA 
faci of abar 6) is Ose haul ttn Ver fe FREES) pe 
pa) 


Comes ond a nC reaSe in +te Case ° 


Togs > Teig= 6 
EAL hy minds Co fem fly Ty f 


Je, = eas = 3 KA 


oy A 
Tog = 3 Rog = 12-3 M 


Jeg = BA 
Rug oe (Lt Bele 1+ fa /te se) | tae V,. ~ 5.63 Ge aay 
oe ve fa E eae AE Bread i+ R/ | + 1/1894 
Ly path 


220-5 Ms: 
‘I 2 Veec tIR 
ay = te7* a + RRA ; Rog = ‘Hes =7-7 M2 
? a 2-5+ 8X! 
= + so = 10:5 KA “Small- signal anelnis of he second Ee 
Sane pe = 0-75X0-43 = 0:323mA oate 
: Riot ( ie!) [ vac = Ro// (Bat) (Yen +Ral 
= 323 
cn PA . = 20) [hay 50 |] 201 «(0.077 + 0+) | 
Vpei7 = Vy fe = 605 mV = 45 MO 


5 oe bas a 
C16 Ele Bi7 t Rin =(Brt)( Vei7t Rg) 2 20|x(0 -077+0'1) = 35-6 #2 


= 144 KA RASS (RllRir) Pe OMe ON 992 1/, 
Tey wee hn 0-25 Jpep= 10B /*A (Roll Ria) tre (50//354)+ 1-74 


Ter7 Kg t VBE07 
ig 


Assume ator Vegigco6V, tin Tp = 262 15/0 tert = ous ce geir Soe 

Teig = 108-15 = 93KA, Iepe Ieig = is a ee ih) 

ae = Vy fw Be = 574 my ey Mise oat Sa oes 

Pan. ot RE I 

tev f hen geet: (lh — 394 ke 

Boa Vie at ares my | Rea = Reise [Rory = 154-3// 384 = 132 RQ 
Veg = Veen Vecig = 5844 527= Ilo3 V GE Eh seaciy ea : 
VgB= Ve Ju ap hake jn ae Riz> B.,x100 £2 Sake! 
= Vy fn Ig = 2X%9025 Ln 2 ee = ae acrid 3 ene 
mou le, = 4 AA airs oe 
ny Ae BC ee Cuvent> in KA fren 
G 8 Gg Fxg 323 Qq 155 Ko23 = Bat Yeas = = + 0-231 2 2-82 22 
to Proms G4 14 Bo WA Ba a Ca et ee 
a 6, 1 aes Q, 0 Prdding Ror WR, 60 $27 = Bree. 
Ga 8 G, 436 Qe 14:4 Go. 0 ioe apne 
Ge, 8 Giz 430 Gq 323 Gz 108 = ~ Gms (Ros Riz) (- Got Ros 
Ge ¢ Ge tise Ge % meee =- (17 [/A5)uw x(- 5: Ages xy —4+— nr — 
G05 %e = 298,915 V/V or 109-5 dB 
Petia mak evo sis of npr 3 Bs ha Pente hapeee 
25 mV = GCitlAg]) = 30% 669-7 = 20,09) PF 


ig a 
<= g PA 3125 ha 
Ria 4G = 4(Aye= 25M 
= = u 
, eee aos ) ANN Ip 21, Re ar x 20-0 Xtb 1 X24 KO 


-<t 1+ Tez tea if mM 6.25 I+) -= 2:8 Hz 
Roa 54 (tt alee hs M+ 325/54 Ths, TraB = 2.8 Az 


Ry = Kei WRip = 2-24 M2 


f= Ao fess 298,15 x26 834 Ete 
Anerher Bey sal ra) WHE f mi 


x Get y lo7> 
ip Fa) Gee TEN Mah eommneraE MENTO IE  ealcs 
27 Ca 277 X 6-25 %30 X 10 


= 849 ae 
=>" 
bthcch ds) close, fo tha nal (eg ite 
Shia 2s 


mG 
=| 2XG M0). 0-53 Vi XS 
La Soy le 0:53 Wi 
oy A Let the second Nau be at ye Slate Ct 
at reate 10° f oe at fel MHz we Con wv ite. 
fon 4 SiO Wee Tp = 5.67 MHz 


fer 
To reduce the 


pee marain (at 
unity gam ) to 45° 
ae, choose a 
Mev) dale of & 
thot ecu i ato 


1:¢. new 4, = 5-67 Mhz. 


1 ; 
Nea Demiaant eri oe 


Pole faints f 
The modi fied As Corve aceite i 


edb (ibe\ as’) shoon'e)) Niobe) teeth tel): deminans 

ole ve venty wl) be (4:) X 5-67) Wz. Thue 
Ht. 3dB fi vent) of te ens fie 18 

RT EPS RE Ree nnn UT an ray BO 
Cw be 20 pF /5-67=5:3'PF. 
ones the spate an at /000 Hz 
rom 1,000 7 5,670 V/V, 

jo determined Legit smabl-signel ees fiotirabors 
by » phe ba iene ena ties limised 
sled vate co Baie 4 the. er tag 
ANnaiwies): ere! Mas vicle wernt ming | Vacneyt lee Lae 
Hei 3 ABD anol Soh t aa Uk fo Nee Mn eee 
& ye. | Mie Cian: Hee ane henl if 
Sle ‘ade do. hey limariny | ele her 


the Lad sad. ooh ee de terminal tu 
UY SU AUS Ay mote re WW Cos vt eee 


wl)” increase 


C 
Ws OL dniae = SR 0-63 X10 Vis , 


Ligases Laden deena ee ee mice 
C) 27 


Be OO £2. Os 
ee Sms Ad he. 


Wess Rot aire aE 


Newer beandisid A 
fo! 100 yagi (Nite shar Sols lee ees 
—te oand wid * tov an smcad) - 
Bey SYrmeric nl 


\v 
MEHGAd le. adeld cooky ieee 


fi ga re telnet pe a 
the fs fe He dee 


Bou a SR a8 loli 
f Pine, : 
2 my Ee | OSes 
Al oper ae: Hor 


CHAPTER I4 — EXERCISES 
[4-1] Eqn: (14-13) => ms Fa .4G?s 4 
Eqn (14-14 > CR= Ze. ee elig. gives y 


lot 
+3 
Ce Coie Ey >) CA nF > R= 228 = 200 £2 
10 


Ths, Ry = 200 RQ ad ‘Kas 2002) Sone 


From Bq: 14: 5@ 5 the pes af “here 


merwork are, he Yoors of He clenominator 


polynomial 5 


2 | DY is de MOEN 

(a (s) eis is(cet okt Ge) t C\C, ReRa 
i i © Aa sal 
= Séus (tte toe ee ) 


Bue pe te Soy 
0-2X\62 taxi) 
= Has Bx10t 44 x10° 
idkes the ee are 


ait —3xtot + 9x 108- 4x 10° 


2 


= — 0-382 xi and —- 2-618 x10" rad |-s 
————— é ————————————— 


Se ee ee ee 


Node eyuatim at B: 


eMssc (yr BMY + Sue 
+ Gy SN, By0 


SCoue 
5 GyG 
Tm, V [Gs+5G+ & Got Bice y a) 
= iy, Go 
oo: a Gy)G 
t SC+ GCtS poe 2 
2 
- - s ColGh 
2 G Gq GctG G 
Senits Crs) + es 
‘ - BOS Ia) Ka 
2 nel EN EB | 
SS CG+a) Rs * Oo Bk 


which ic a bandpass fomcrion Hs per Coincident 
with the zeros 4 t(s) m Fg. 14:5@. 


The oe i so 
7 Ge): - + (ker OD) 
: = —& /(2xh)= -204 
Fe a) ae gti O55 + Thue KB: Sa 
= 100 £2» 


14-4 C 


pa rey 


Tran payne 


a 


We shall moo shar that by 
injecting Pe mnpur squall 4o the 
teil sf KR, we ew ibe able / +s 
or oa pecend-orcler lor-pass porcrion - 
The analyris % uerated be lens . Noe thar 
er heigs tecilscicl othe op hncel bike nei 


ject nce ae cs a ci | 


V, (1+ SGRz) 
Node Heer HB: SGV +t 2 OCR Yard [4(irsG RV) 


Bo 
=> Vj[(taoR)+ Gr+GR)i£]- & 


Ri 
Ne e 1/ GG Rik. 
2 ede Sal } 
Pies Rite) Geer 
ta hick ANGE eet ca [ines bah get te 
ts) given in f4- /4.5(0) . 


Eqn (14.26) ay 21° % lone ae 
Thos, CR = lo s » for R=lokQ2, Cz |.59n£ | 


Bon: 4-27) => 20 set hue K,=2Z0R . 
Fe R-foko, R,=200kQ . 


To fied tu Center Ae, Wages? eae 
ot ee An IE to a /4:12. Yh Ss stay 


Ve Ve Nessie Vy s Ase V2 where 
Vu the welege be epee a isinad: 
f p-amp Az y and bevasise: L Pee gta tapos 
shes Cicail ot rhe inputs f Aa ord Ay we 
EN ay: Ver = SGB'Y = 2V. Thue ak 


a) = 4, we, have Vor = 2\ jie. ee ely le 


Gan ae 


ty =(/CR > CR= — 


27x 104 


i imate ae ee 
277 X10 hae a ae 


Ky = GR = 20x10 = 200 £2 
From Eqn: (14-28) ancl Fy. 14.15 we fre Hat 
RAD Pana unssls xd ser anal 
Ve Se so a 0, 
Thos th censer- ees Ae io (-2,G): fr 
O Garin f pe CES be 9, follees Hh vf 
x = R/n Gk = 200 LL: 


z = 


l4Ae7 From ape 4.36) and (/4:37), 
Cae Cy = 44 a es 277 x 10x 


200X/0 


= 6-283 PF 


Na one LAN it (Cam ges 
Fram 7 (14-39 : C5 = Or ae Gan 0:314 FF. 


ere Eqn. (14-40): Ce = Gate 0-314 Pre 


° = 2 Zp 
14-8)@ L(s) (1+ £2) Ze 
ek 20:3 
uae 
ise SO 
lee 
I+ (Rte) (BtsO 
. 3.03 
SS OK Mee 
utare Re |okQ and C= ee. 
malanue L(s) ye Boe 
STU ShG Riga 
Ss 
The Closet | oles are Obiin el uy Being 
betsy mies the ne. teas Nalves ae ey Ey 
B4 sx xd? + | . = 3-03 
SxX16 X16 


a se \e (0-015 ett) 


(b) The fre we ef osallakow io CoVié) rad/s 
one sikt rn f 


(© Refer te Fy. |A-2\- At ra ys 
Vil olin el eeoi many Bm gains * Beotanky 
Hp ors above +t voliege VU which 

abatr |/r Uy) te ) 074M 

Ree ae He Cowent Hroigh D, ie 

Comparison ad The Me pwat tenes Re and 

fad whe) Noe ei iin G1) = ihe 


Vz 4 (o7+ #)+5 
which SLpads to Ne l0-68V. 


Bie OR a ae ae 

PT) all ynye - 
t Re: to oP ie p h 
b Ce he 


14-9] @ (a) for oscillakas to start R; /R, = 2. Ths 


i saa ge shovlo be hero So thot 


We esi Peas to qrurd w 20 Ton : 


(b) W) ac ig x 10x (0” => f= tbe 
14-10 


wh Ng oe bee 
we 


SC < 


50 Qtice 


Me L(t 3G 3CR 


re es ee 
: z bos 


Me pe Ey et 
“elie ac] 


+ 3a t ce 
Voc = sc Cttae)= ri 
os i | an ei 
; R 3C [2 cele Soe tease 
W Aerie TOL oases: 6 YE) 
V2 Bia Cae sand La 


SCR * GcR 
Me (sa) « ee 

( 3 ot 
* Tuer ar “en OR 


weet RK 
afd at (3 Bid Sia ier 
SSS 
orks Circuit will osciNate at Ke valve 
ne hot eae V5 “mY alrenk number. Sy 
fPlless ees u), wv rene SS 6a 


SWORN eet 
WCR ahi ae 
= 574-3 Hz 


Ths, f= Lge NU EDEONET Eegeer er 
0 27x VEX 16 x10! X Joxiee 

Jor oscilla Kons +o in he. ah. 
{ % Y) shod be ais for grater) hen 


Unk v 
Ms an CER a a) zs 
hat he MMimdm ale oe mus ee f 
ry ue f 12R. . 


gr oyog pa. 


|4-12) a= I/CR = CR= pee 
q 


Fer Ce 16 “FE oF meres, ew fe 
27 X¥ 6 ¥ 16 YY —— 
ae find 1h ampliwde ie 
Sinvscid we ot thet th. Square Weve v; 
wl) have a PA. so = pw amplince - 
The filer whieh Kae ao gan #f 2 at od, 


G foB xr ‘4 
sl mil ai a 


wll ey a smusoid 


CHAPTER I4—PROBLEMS 
(a) s*+ 3 0+ Wh = (s+0-5)(s+ 2) 
Suse wipes fi 


The, Wo = lred/s aad Ov OA x 

(b) S*4s S04 uy” = (sti)= st+2s+4 

Thos, ies and @= 0:5. 

(9) tts SOy BOCs +e ye ered 
a: tte st+i2s+| 

Th, Wy =tredb ad QO=_1/V2. 

(d)-  s*+s a WY? Gre emai Siey 
=(s+o-\) + 0-995 


= $°+025 +] 
ovaies 2 | rad{/s: ond Q= 


Meare &+HYG-) 
= $*+\ 


Thus, Wp \ Yad S ane Q = O4 . 


TG) =——So 
Gt (WP - oe Deo 


\TG2)| = ae Oe es oo ; 
(ap -)*+ os 
(TI. = [24- -apee +238] 
TEANGA fee 


oF W=0 OG oe a os 


Jer echce ye rh occur of areal ae ich ) 


amare BG? eT ean 3 
A+ the ae Ce a) = al 


[TG)| = ass 
VOB zr WeC- 353) SE 
Eek ah 


BB y tabeddloich Stak oleate 


dc ‘eae => = 1007 - © 
W = Wp / |- 2g? = | (2) 


No G 
i. jn ole me 
ers 1 Mo vk (1) \nto ENG 
Eee = 20 => 9=1-932 
ee 4g 


Sobskyyag im (2) results in 


ITG=)| 20. = @ 


Wy > 1075 rad/s 
Gly eg gy eee cae! ake a ESE 


s*+ $s 0:5564 4 1.155625 
——_______—_—_————_—X—X——X—_X—_____ 
Ts) cme clei Sa NE 
Pics" 
TG eas 


Tels 
e re wt og 
pitt Cea SEE an clans ko) 


ne aaj 
0 + ot | 


= 0 at a= wy / Vi- 352 


es 8 8 (eae =) 
eet b W, = Sibi 


At he ee (To he = es Nowe hat wie and thet fe 


have a nee rome oh © aoe ard WX y+ $2. 
ITs Ny Gy wh ON esas) Fev any value ne 9, co SAB boi st eee 
aR areas rar Be Ru Pap 
4 2 + paket SLU ae | 
a ('- 2G.) G*(\- ag: ED 
SS AN Ot ule 
wy 4G a I 3g: bes W, - w= Sf Seo lave! cod /s . Thos , 
Ng 3) Gs a = eee = 20) Qud 
ars Te Wa lO x oo: 500 
The wWanste ncaAm 5 
HOG ee es 
35 ete eee 2 “Ts Se 
a A SO On 
Tp) = ee TG] = Le Oey eg 
(a) a ao ( (10% a)? + (50)? 
Raae a, M,uW |r Cj 100) Ms 500 x \00 oases 
| Gy) a Tp ea f | (108-104) + (5,000)* ———————— 
ays)" + See ae ) x 
Gs | TC} 10 )| = 500 X10 WOnGe 


V Cio§ — 108 F+ (50 x ot)? —— 


Beek 1 con Wr Wer as 


fee ane ca ae | 


= 0 Ce tae bale see 
= Hh U- D+ jo 
at [oj -3" OE \ 2 cot | aha) ee LM -1 
Ce eae | [-a op 08) + ol P= - 2 tav oe 
we 4 wWi- 20" Oy + aS mia 6 ae 4 at, Say 
ane, ae 
1 -e- a 0 ITG | etcurs ak A=). 
M1 02 0-4 06 0-8 1-0 12 14 16 1G 20 22. W, rad/s 
Oy se, | 


Fk VAIAB | Podge cant Maeda’ tedineal | Aeon 
Bee | ene a 


ne a 


(aly Ler) 4. WA _ CaaS. 


va 


Fairer otha) +h. x0 ligt iene Yoatrs cave: 


|4-8 =\//LC = 104 , thu 


es ie and for C= 10mF 


-3 
= 10°21 H 


~ joxiot  ——— 


A edo banduaideA of lo> rod /s means hod 


= 104 = Thos = YR 
G ae 8 Weegee fhe Wy CR 10 Yess Keg 


Peers 10 100 RS 
MAY IMM oe en 
Mai CViEeVe 
\4-9 ae ) 
roll eee ey 
+ 
Ah Mi 


,- “ae 
Node a ak c: at -V,) #Y,Va + % ‘eG -Va) 
4% Me Ma 4 pale “0: - 0 
V. LNs + ve Me +7, arc a |-y a ae a 


Ne 
t= - yy BES 
7 ehawcermeare mn BOY) 


K For the circoit im Fig. 14:5): 
WeCe, Gesc,, a> & 
sQ+ & tse GO+ ®) 
aa ei Re t Se 3qR, (204 Ra) 
s* 4 s(4+G Rit Cree 
“45 (CR +aRtGR)tAGRhe 
k o the circoit im fig. 14-5 (8) : 
joe ra Ya=sG, y and Y, Y= SCay j ths 
ean SG Rg +5G) 
List oGy RRO 
s*+ S$ (#t tHatGaRk 
anne (aR, tcp, t &e)t GGRE. 


14-10 | The i of ge 


aChve cirewit wld be learned 


ko rhe Zeros | t(s) doch 


t (s) = 


ee 


\\ 


seg is uM ay: 4-5 (b), thet 


om aris i Dpto he eS ah ala 
Miaemeey =)? * CR Re tages 


Tho> 

Beeb Oe NR ane & fru 
ica Chet oreo naar =? 

Pepa, Pz 
EEC Re 

2 eceeratee es 

Peeves we= 4 Q* 

ana GKi= Sarl ; 


14-11) ‘yee 4:1) and (14. /4) are af eh are 


This m=: 4GQ* = 4x+=2 


Be -2x(VG@) . Waites Ss 
ite) 
be C\ = Pe naa 
gre ey (eyo 


hy esate TOUT He. 
ths Ry tact ba 24 Rq= 70-1 ke 


J4-12 Refer +o tha Usdluvedete i irellem! 4-10; 
m=AG >= 4 
CRs moe = 2Xtoi S 
\04 


=4 
Lr hie Goad ON oe Geo a = 20MF 
Thes, Cae C/m =_S of S CF and 10% (GP 1/4 OB WF 


)4:13 Usiag jhe Riga ee ence £6) ue pA Gh 


pt rrok , Gite um fy 4 30, we tas WE ero’ 
so be te Yoots of the humecatyr Vea Né&s) 
ON Sat Pa SAT Wes ped CO RE RS 
Me Gee ie Ca } c) R3 Hi Ci\GQ. R3Ka 
= 3 428 ¢ 2 
“Thos tte Zeros are at se-jttyare =-It/ 
The an of +h Ceca ore the Yoots f ha 


denominator pelynarnal D6), 
wis Pica feu te Sef A Sirti 
A ere peks aware. s = 02 +1 fe-8  =-0-586, -3-414 
the Boreas meriork & ed ARE 1M 2 
Miashive- i on ae bg + fe 3 we 
a closedl- Loop cireck ~2) have feiss ddenvic 
> tte zeros al? bridwedo ty ae. tte. ie 


2 


wild be he Years f arate Thus , 
Ww, = vig, Piye! ie A : 


Ga =1/R3 


S3(V4-pYy) 


Meee 
Lz 


5 2 
z = 
Bz Rs 
~ Kyte 
Nede a ok ™: 


Gi (Y-£Y) +5, [V,-By + BC 
+ G | -BY + SCy- AY] = 0 
Yl GsGt & G+ SE] 


2 
= V; [Bats Pout ba Ca ~Gy Rut BA 
Mois RS + st (BG3 +B 2 Ss —Gat+ G4) 48 SS 
i Sesg Gerke)? Be 


eg eV; ne 2 (YB) 


WV ct 


| Fefiee eee ee 5a 
= 8 s*4s(Ac TCR t GiRa AI MAAAL 
we Ci Gi KeiGG ks 
Subsbrvting CheGiaiG Ry =R,; by = R/S G2 , and CR= 244 
results te i eal 4G?_ 467), 4ee ° 
Ne. B sas (Acta t BE 57) + CH= 
Ve St 40s ree 


wo 2G2 2 

Me. b sty (FP) (it292- FIT % () 
V, St s(S) + a 

jlo) Ghat ar |. alhageee ae we must select 


B so thet 


I 2ge Wee Oren 2 


7 B = oan 
1 .e- Re Q? 


RitR. +l 
The feta va STAMSPAISSIO of tha ok ien 
cneriothe je A ey ge 


Gates 


J4-15 Gmsi der ae in the soluno & Problen. 


14:14 To realize a motth finthon we must 


selecr p so that 


=, ees 
* 2G 7+ 
fiprsgihas ay eke 


as fences the morch wo Wy 


|4-16 Reter fo the als eee 14-10. 


Node vation at M: 
sC3V + YtsGRM)/R, + sC-y Cy XSGEY, 
+ sa V; t 8a Cy x 8 C3R, V, = 0 
V, [scs+d tues a fe CU OGhi SA GGR| 


ox 
= - sac y; 
BVo — sa C4 
AE Se C:GR, +5 C3 (+ a) + 


re s ot /Cz Ra 
z ogy a a el 
Sires C4 (mtR)taqar 
For the desian su es ted xs alee ene JA10 We 
have Ryo RicR VY Cy-C/me Cee, made 
and Gk = 29/% . 5, +hio Case the transfer 
{Gane becomes 
Me i. 7S of @ yg) 
tot oe 2 oa 
Vy, So ces rom + a), 


i 
| 

Vs/R | 

\ 


G ee \ : 
a \ 


V4 42 


ca ar pa gL, 
3 V4 + SC/agz R sCR 


To find the transfer fproction Oe ennlyze the 
bapat “a iech vas? pinglcacA he jeore A rock 
Cquaho af M aie 
SCN ie Age Me Ce ee 
paar cee ps ete Ot see 
es clin AAI A 
} = Pe 


Mio 4 AQi? 4, AQ 


= Cie Se eee ©) 
s*4 65 ern aes 
CR 
“To find a we erates the merrov vn ba 


+t 
dashed ba as lows «. 


y-Ve 46) @ 
where soe lo the peniien fornia of fin 


eet feeclbacte me poavk. Thee i) karti 
VER CVG ere = . A. 5a. fow our Case ) ie. fer 


C\eCr=C wed Ra-R and Ry=RAG?, tls) G 
iss NE, coi ke 
ier eR ep 
2 AG*42 4 4Q2 
Bee eRe ole pie 
anes ia (2) elds 
J 4Qtz. 4G 
mel 5 Jette CRE Cap 
Ue (5) st?+s 45+ AG 
CR ' CA 


and (3) ‘ee she averall Peano prctiow 


Ve as 

t ie a: 
V; 7 2 wr: 4 G2 
t s + Sep a CB 


Refer to phe solu of Ereccise 143° here 
Dedenied tts Leese geese f fla Circe 
Sn Si 14-7, | 

V, (s) a -sd/GRz 

MO #33 (G2) Et dake 
Fr Gi C22, Rs-R we find that 4 


Yealize a foe of pie Characterized Sy “, 
Be uw wish selecer R4e°R/4 92% ancl 
CR= 20/a, - The ase freien slew 
become s 

Vo 5 —s & (2%, G) 


(O” FG 
Nos we ee thet tle Cente- (rece 
ee Ls 22 G™.. Fer ve case 4 
fie ? 


ee TeIMCEL (CR te 46. ip (Resa oi, 
Kon oo == 
hore tk 4 O* s a Fitts nage Ce aed 


Ra. 10-2 SokQ , and Ryft-w= 1% 2125 hQ-. 


14-19 Node og WEL ot TM: 

V, vA 

B a 3C,R;€a + $C, V+ ee) Vo 
- OF, Vi = 0 


= 


Vo _ sC, 
= op see 


i Sr ar Cy 
eee 8 
2 wo sa Fas 

+s R (GG) Geek, i 


Thos the Cicevit Yealizes 
a high- pass fucken “ 


A — TMHQVen am ni nd 
o Lab 14 @ 7 J of Wy) ry-) a 
hiya GE 
0° 0, G RsRa 
BEN Te Cc. ee 
Jer C= C, = Cc > Ra=R aud Rae Rie ne 
have “ig = and G= ok - "Ty hece 


She hesian Tye are 
noe 4gF -ond CR = meee 

Fo Ge Ge IMF , GeiWV% and w= 107 rad/s 

we have CR- 24 2 x1 4s 5 he 

Rie Ene" ey aneee Peeding fo R,=!41-4ke 


and Ry = 10°T ka ; 
]4-20 Ke fer +o she SoluKhm + 


Eyercise 14°4- The Circo 


realizes a Hors pass 
fueron with init y 
OC goin. The desiqn 
d \; 
Bats have been derived 


in the Selotion to Problem 14:10 as 
Riz RR , Cae © 5 Ce =CAG* and 
C= 26/% - Ter or Gassee == 
= Vz x10" 8 thus foc Ri= R= 10 RO, 
Ketoka ad Cs aus". 14.14 ALF. 

Thin eaer te Cas l4 AMF and 


Ca= 7-61 OF. 


SY Deepa iol © oles 
\ACZV Tas) ee 


= Aa ae = ee ee ee Fe 
I¢RYic 314+ R(sc+ 


rs gu and 
Sat eng Pee wae ot eC wie 
t- Gu aC ee eI ve Co 
oh She 
Q= 7 CR- R VS x 
fo 22 o-pue ric> +2 


COU eve Kio etaieinesss ths a (e 


Hy ws 
Oe AY ee a 
= Dt e= avy ZED 
ets ee at Vihear 
-n Seen So. GED. 


() y= ls ve = fee Shea 


ue inl 3) AMO) await 


Thos rr i afi. SN i ieee limes 
i a OMe FO) reae 
ie ‘ a 
ve oa 


J) 
aS, 
Y) 
x §F 
i 
U 


Plc ng the Bridal ae neroork f fy 14-56 
pn He ae feed beck. 7 an Aes Feo es 


yr an eChve Civooit Whose ples wll , 


re) Cace. f infinite 06 ye an, be idenncaf 
fo rhe. Zeres 2 £(s) f Yoo bridgeS-T. Thus 
4 ie fry 4:56 we Can Cckerntene ep, el 


Q@ as 


\ 


To evaluate te Sensihvites lo and G relabive 


+o she fove ta ive ee we shad Lay 


if a Ted \Veriped In Fe bl em. 4-22. 
wo 
ry a se ee Ss =-+4 


C4 


ae 


R Ri R, 
se) en oa (as u 
= ARR) ae 
\ 
siya GSE age St Ra 
2 REE ean Res 
bor urbe Case Rie Pay me anh 
G No (Rady | TN 
Se” oe SR, 
--4-¢4) 
7 ee, 
patie Yaya is 
iit i2 Ky +k 
Juv ake Case Ri= RS ie = 0 
0 ~ ; 
SP aa Naa a 
Ge a anes 
.) ay Cy 
= wie ee ora! 
eee Zi th ce nce 


4.74 4 S (24)/9) 
OSS SEB aE 
fey ees | 
are | 
The teas ce et 
Civeui+ of Rg - NAN ZECCn i eNeO PN setae Follnas : er q 


Le Ry |A-3b. 
)4.26 Refer to ¥y- 14-13 and » +h eqenions 


for Re iKo) ba ) C= —' 5 - 
27 xlo* x104 
ni ie tek fomcan (ealized w 


Mee _ se lis 
Vi Ss Doe we 


where My= 2- +: Thue jhe center- fy 


Ow rv) 


M,9 = Q-G)G= 2P-V= 40-\= 37. 
Perl mma? thek. ad ix she <irevit bo 


able 4 vealizing oF banclpass fhe ik 
Unity, canter—-frequedty acu: A slight vedetiqn | 
Wowever, al npcaua ie ee Cedar ae 6 
resisranu Ry, Wee he aie Bees “f 
ate ag } eit ee We shall i 
re Slee edict. 


Finally, n Ove hak We Oe) cy ety 


select Ry= 10 bo and select R= 


ther Ry = Q9-DR, = 37 £2. 


| ou 


—_ 


J 


tego OR mere 
Fw R= lo ka Ce Same =e als 
POR 2,1 


Pardes iinOg ka 


Beppe’ ‘dbase = nr, =| ) thee be R= lobe. Select IF lob 


14.28) Rete ro Fy 14.13. Ra RI 


2 Vp 
ms 
y, a 
hp st 4 s (B)+ =F 4 VA Ke ; 
mit, DS VY Re J 0 
oS eae pe ea ad : 
srt s (ee) + % 
Vop = + % Wo = Vy 9 where Mm = Dine : 


see) tal, 2 R ® 
Me a A Bs Oa 
A ae At aE CAS 
ae Sait Ss a wy 


UaClY mm we must on the 


See pes, aumeraty Zero. 


To obteir~ a moth 


@weffcert « 


“Tho 
=a moth Port fealizel car~ be 


Ke = 00 - 


ey, as 


yen Ft uae oy 

6 S44 3B + % 

ie Be) a Ry Re (Mp/nn) 
Ke cn be selected arbitrarily. re ie ee ee 
Motch Fete f Ey n(J4:3) we must select R, suck 


Shak ifs me => BR 


(2- ny 


Cz: y= 47 C = 277 x10 pL 


= 6-233 pF 


row . . . 4 ¢ a 6-283 = 
i Ew (14-392). Cs Ct aa 076283 FF 
From abe (440): Ce = Cs = 0:-6283 PF 


( b) Cz=Ca=W yi Cz 2rx5yiy —— X26 
200%K%10 


Gee Ce oe AAR an 
2 17) 20 + CHT, 


Gre eins Ol 1 Sy hers 


14-30] Re rm fy a7. Th de Te ¢ fhe eels 
hn ie V,. yo you Vee of Ha seconc/ Joe 
ry, oy whire Ry=®aeR anol GeG=C: B 
anelny aie stor ple lc a of MEER 
uy vm @ , to the wu of he 
mend op op 3 & (ote Gok). 
de gon we select 


Cok C | 
The aon des; ” ee ore (14-39, (14-37) and (4:39) 


6 ¢ 
Cat & 
where Guns eS 
Sulskirun (oe: his ote s Shee a= ah= 10" radfs 
mS if ? 


Gans LOPS \ 
S= ie ge = ARE 


Coz O-1xt0* 4 PFE 


14-3] 

o—* 

Vv. 

Soe 
 RERERG A pereleebe 
: ena ores 


sCo 


ie EM 
= x 
cz sL+ sy Cy 


~9.Vys te = 
Irn Vos SC2 (Hts (sb +xz,) + | 


Thus, Vez _ — sC2 Ets 


we % Sra vet pcre lc 
Aiiideaisne eA 
se LO Ry + SLO, + SCGtG)R+1 
. pa VA © MIG Ry ae 
EY G ») = a pa) SE eel 
( Vas ¢ ) (eric) + yo[Gte)Ry-F L608} 


The Ciresit oscillates at tte ie rey ut motes 


oe. a tea\ nonber kanes x rat Yo tial I Thus 
(C+ Or) Ry Ce w, LAGRy = 0 


oe WAC 
A +he os he_ ett 


LC Oo) = Hn Odea oe 
y= Wet C2 hes aoe 


= 1.244) 


he osca\lahms AD Start ; L Cho) muosy be 


of car Cy thes whe aunt key wWus+ 
be be TE arecter shan ( << : 


Refer fo Ry. 420 irk. ve aoa ho 
Zoe = JOR + Sih one Wine cay ke becom: 


Maye (4 Bey Nem 
R, Zp ze 


e I+ R,/R: 

| + (loR+=2) (RISO) 
eS t+ Re/R 
21 + siocr ers 

1+ Ro /R, 
21+ 4 (loweR- ep 
FV West eh we obained| we 


(a }~) = 


0 
\ Wy = 
3 oh pice seers ee 
and for osc\lakhms ree Steyt 
R, 
\+ aa we at 
R 
Ve alas = 
#720 
14.35 Tee the basic’ oscillater of Ry: 14:20 Re 


phase contac obsnined fede ste. Elen for 
othe lea 4oey LCj>) te Ae as 


p =~—san! s (ocR- 


Near wW., ; @ xo small and vie may make eee 


ee imahor 


px -1 (Ock- Xe) 
a8 Nie d. - - + 
rh a (ee ae 
jilsneces 
w w= Wy (0) 


Yor ~rhe modifiedk Cireow investigated in 
Probren 14-32, We fied BM) Fron te expression 
for rhe ie ee derived inthe sclunaw 
Problem 14-372, 


op - = tax'[(\0acR = a5) /21] 


SC eCk ee) 
ge So OCS are) 


We move be ea hase, wes jo ‘aveuiee 


We Po modi, ied §=Cileoit stan in The original Civeit- 


From is tes 4-47) > 


W, = fhe | 

CR 16 00X16 | x 1oxie 
{ Sea STON 9 RH 
(6) 27 xX \6 10 i 


for the omethod of ae ae hy arn PN of 
oe Aen smosoid | poise +o ate. solo Wace a4 
ace (ce) ) GE vecae 19-%,) 


Vis My _ Me-('5) 
Rs se oe 
4 Voy Ve +15 D 
Thus, 0.5 = a Ve 22 Vt2-5 


ishich Leads 40 V2 5.43V. 
From the symmetry “t av ae Cireort we cenclio 
hat be du Simusaid has lo-86V perk to 
a 


Rt se 
*% (UR) p 


ox 


Fy gi (Ric) sc a “0 ; sae bobs a) 


ro (1+ 5 scr * TGR) 


SAA 3 i ae id — 
\y = & (R+ ict scp) ue ui 


mr 
REARS 


ee LN es 
Re [1+ cpt actpe * S rR Mea 


2aR TO roR| 


¢ ©) 
--Vo(R) (14 seat FoR * FoR) 


hee ~ (Ky /z 

Vx \+ Bee ce ee 
Ve a [2 

veh” 


a 
are or ocd (se 7 ae 


| " a4 | 
mcr | a Haye VeLoR 


Thos, ae Barer cistern = 406-1 Hz 
elle = (R:/R) 
WC 


Bs the. witnimse valve f Re i 29R. 
or 290 ka. 


(Co) The circoit of Fa. 14-23 YC(It+ ie 
a it do tac) 
y yee) 


Votgerdee) (1 


+ (ist dep) |V W(irdeg ? rR 


C 


<M 
ares (\4 ser scR ‘St SOR) +N (ser pace FoR) 


=\, aera a. tirenaent ree 


Thes K 
L(s)= ae 7a 5 1 
a Y, () | + sCR tac ts C>R3 


Re 
ae + | Gees ae 
| G 1 Se 
Peean ck ere CR 
We CRE u,CR q V6 
iG eed aS STR 
4 0) = aes 24 
1/6 
as st = 2] 
a AR 
f= tn!) SCE BR 
| ty wW>C*R? 
PN eee tore 
~~ | BeBe awe 
\— = ti Close ro 
= d iertirel dann oy iE pete Weer)” er sper Fires oe ; 
Ad wecR 
” Derek 
“rl wm 05 
» | Wen) Wg 


(b) The Cie cote AGMA Ce Fourth Bs Sako Mdded: 


(3+2A5 crt rar) WU\+ se stctpe) 
® SCR stC*pe Ve V.Cl4'eeR) 


ae 
“wi is 1 + 5G 
4 ae eee 
Viregtece stC7R? *3¢ R CG ) 
ee SCR ak! t hop 
ah a i a 
4+ SCR tz 2czpe + Sua) 
2 \ 
MW (abe Se eR) 


Hae ee ee 
+, (4 SCR te a te on et s>c*e3 a iiss) 
Ve i 
2\i wa eae hh eS 
+ SCR ene a s* ‘Salas ever t s4 cAR4 
—K 
tt ate en oe oe cen 
ein ee ha 7 Dae 7 
f ~ cir nice | ra Lacx + 3p] 


nee fon! + [de aan eee Tee 


i i . Vea 
ee A Set Oe 


“Ve [tE-g E, SCR] 
The, Ls) = Veo ee 
VN ea *R + SCR(z ma 


<? Gi Ke + sck cia ar) 
a —| 
s*C’p?m ASCR 
“he Characteristic e van is 
V(s) srs istc’R*- 2ecrai=0 
{-e. eile tas hi ra ial = 
¢ Ss S z CR + eR? 6) 
Th ke. ee are ak 
S- a Gy eS ar NU 
TV ay oe aes 6 (©R)* ce 


N 


a ee 
J 


|e 
ae 
78) 
ct ee 
A\|p 
\+ 
= 
© 
a 
Ve 
x 


(ov Amplinvde °. Seceomd Harmonic 


}4:2)) 


s a Lay A Soha 70 Exercise 
ee cine Sinsscid has 0 3-6V peak to pend 


am, litle ig Oty Pa Soler gE)! obtained as Vike. 
CR= = —— 
K Gam 2rx 04 

Biles 00 Re eS IR or C=/l6nF 


2m x104x 16x10 7 
@R= 20X\ =_20 £2 
Chee ty, woke . 
The apt amplivele can be abled by adding 
One diyde im Series wit Get of tg. 
tudo  clsachsy haf? eee. [im iter. 


14:34] 7 fransmissi on f 


MVespect fp te Fransmissitne at tle Center [regent 
a ‘ee un gee ie 


bl caiveni® pe ESN S22 
OT ays SES 
Ths fe a @ a 20 we have ae a senha 


ther normalized wish 


Bm plirvl of Pirdamentp ) 
(» Thivd Hammic 


Awa 
= x pealieYo war = babe 
Findamen ey ti (4-07 +4 


= 6-25%10 


F +h Harmonic 
(¢) Sipe (Meneeeaic ni ezo eI = LORIN ia 


Renda: nentad ED 


(A) Foorrk Hermmic = 0 
Sart Harmmit =O 


a y 3 + 
=< H wen = 1 26" 7 = ).04X16* 
a Cy D"* (ao 
i Harmmic = 0 
ue 
Ninth Harmonic 30 X 4 = = 062 xi6* 


Pindame ntrfl q / -1)?+ ~E 
Tenth tHanmonic =0 Cs i) 


This , EMS of 24 to fa. th tare mics _ ieee -—3. 
6:25" +208" +1-04°4 0-62" yO 


Fond amet 
i = 
Ey SME fed 


Se ae a a 


es 


a in a Sa 


EXERCISES 


CHAPTER |” - 
Eq. 15.8 states: 
ie = 7, (CMe) 15) 


i : 
vi Now for Uses V \Vec=o,te=i: 


Seesee(e Nr ,\ Te Gas) o hee) \) 


BM ge when WA oP View Yen Oe 


(5.2) re Tp- VmA 5 Pbocadh = \ AMd1O covweespoud to es 
of \mA and \owmA for which Table 1s. 1 


indicates Vee sat en TGA ard ae Sia vespect ively 
In the Yange \+o lomA the collectov-emitte- <at. 


resistance 1s Opp roxima tely \23—-76 = 44 =~ 5.220 
=a Tah 


Loy it 
boy Vec =0.6V,16 = 2 =44mA \which “o- 
Br=o-+ implies that an emitter Current 


of 0.1 (4.4) or 0.44mA can be supported. 
For Re = ik athe covve sPonding emitter Voltage \s 
5S-1tk(oO.u4mA) = 4.56V, implying the active mode. 
For Re =lok, the Corresponding emitter Voltage is 
5 - 10k (0.44 mA)= 0-6 V5 the Rdae of actwe mode 
For Re = took \ the emsater Voltage would Appear to 
Jo negative (Which is hot possible ) indicating Saturation 
For deep saturation VeesatAo and ARE conte Tao 08 
From Eq. \S.17 Veceat = Vt ae + Be +S Cae ) 
\ Fre) YAR) 
=25 ale + Vso + -05h4.4 (Yeo) 
\\— Sy alifo. ) 


=3.52mV 


The change m tempevatuve tvom 25°C +9 125CislooC 


fov. whic Vee dvops by too(2) mVoaw 0.20 volts 


At 125°C; Vou = 3— 6YO (322-522) = o.8tV 
: > + 5 
Since Le vemams at 4.375 mA for which Ip ss 102. Sup 
Va becomes 0.55 + 0.1025 x45 = F-55 V 


Vou vemans at 0.2 V 
Ma Galle (400.6825 O14 V 


= rhe 
Psa Vilce= VOR) = Ord t—'or2" ano. 


(55) Meese to sty temp, dvop \S 55425 ov, SOC? 
— which for aTC of -2wV/T vesulls Wa 
Vise tn junction voltage of 2(80) or \bowV 
Nes Yemamns at O.2 volts and Te at leo2.shA 
Vu vises to O64 O16 = O.EV 
VW nses to 0.7 + O16 + 0.1025 x0.U5 = O906V 
Vou becomes 3 -SHO So(Oo74 bak) = uz V 


YsSoO 
NV= liz -0.9) = 0,21 V SHO YS 


Ao = 07h - 0.20=9.56V 


= 
Wot 4507/5 PERC= (bor 4595 5 (5x0%)) 


ae 5(SpF) = 730(25) jo "= 18.25ns 
Sh 

> Thus 0.6 =0.2 4(3-0.2\(I-e 825) 

fvom which t= 18.25 Qn 244.2 = ogins 


Use Qa DSi tive | {Cc convention : hy h volta @ (@vel =| , 
Beecher cutote =\. 9 


A Qs-y That is sth when 
erhev ur not 
O o : both of AVE 
rs . “8 \ (S14 , the 
ol 
| Oo fe) Oo I O° x clusiwe OR 
le BaseQs = AB’, Base Qy= BA {Collector -23/Qy_=_ 
BaseQs - BaseQy = AB. BA = 4 313 UAB - BA 
wo JS=3B+ BA = AB +AB te Excluswe OR 


(5:8) The load m@m each collector 1s L 


The total collectoy current iS ava 
Fev-ced p= wi AT =n = O86 = 0.8 (s) =4 
Thus wn can be at most y 


(a Te = 3l 5 Ig=1 —> Forced A =B4 


Pe Sacer PR= 50 
From Eq 15.16 : Vee sat =\- ae : (Bcoreed i Yes | 
ge (6 foveal / BE 
= 25h, (\ + (3 See 24.23 m\/ 
ES WA 


\ 


\S O.Bx1IOx19 © = Bx lo Pe W= BnwW 
~\ 
Delay = Delay -PowerFower = O-B8xIl0 a - 


56.7 =o01..2 


heacis = LOUmA 


Input Curent = 
S-(a+1) T(.ck) -2.15k(L) = 2.1 
5) Siete ein erie Tae 

_ 8395 LT =2.9 and L= 34.QuA 
Thus the base Cuwentof Q3 Is 
51(34.6)-O7/5k = 1.63 mA 


(5.13 For a dvve capability ef 25mA and Aye) 


the marviinum fancut = 254, = 25 
(Sir input low Lis mA =Igq, *; _Icqi=0 
PRreed = ° > fe = 320 SAK = 302 


Nee =\- Ly (eee Yee.) = oo Sia = 98.3wV 


1—Pewvcecl = ‘> 


Sv V 
(515) “Ld a A+ sax wro Toy the voltaqe V across 
vat 


*o.3 the bk vesistor SB \30)+03-07 

. \ 

arene u ON enon Ss Ty Gu 
has oc me (641 )VAboo = 51(129.5 -0.4 {bop = Yol4IL—12-5 


GA il ey le a 4 ie =4.1b MA 


Paws IMB, Qu is not satvvrated aud the 


_ Output voltage is 5-0.1-0.7-1.6(Ys))=3.57V 
Foy (L = lomA sEx IS.1S indicates Qu te be saturated 
with Neeeny =O.3 And Junction Ureltages of 0.5, 
Fov This situation the €quialent Thev enn sduvce 
becomes 130 ohuss to. 5.0 -9O-7-0.3 =4-0 In Pavalle) 
Witla deo 4S. Stok 2(0.7)= 3.GV which w turn 
is equivalent to lek llise te Y-0+_'30 | (o.4)-3.44V 
—S\20s2 [Loot+!3o0 
Thus the output volfFage becomes 3.97- (0(120)= 2-77 
Nore € the junction voltage incvease AT IQOmA 8 
accounted fov ~The our pur 's Seen +o Fa\\ 40 2-1) 


CEN Ra esa the analysis of Ex 5.16 the cutpud 


when saturated behaves AS a source of I2o0 
Chms +o 3.997 V. For outpurs 5 haga thay 2.4V, 


The cuvvrent must not exceed | ONT = (3.1mA 


Note hak if Second orde effects ave ignoved » tis 
Nese cats Bie Pt 20.824 = 12.3 mA 


9-130 


hr ¥55°C, | inction voltage nses by (ss5+25 (2.0 = [bomV 


At +l25% \juncton ve tage Falls by (\25 -25 2-0 = ZODmV 
Sie" 28, 38) 


At+4125°C: Pt A O,3.7 + 0240.2 ) 
Pt B—(o5-0.2 54.1) 
Pt ¢ +l 1.2-6.4 »27+ 0.4) 
PE D—>(11.4-0.4 5 On ) 


At-s5°c. roa Se ©\3.7—.16--16 ) x 
Pt B ose 53.38) = (0.663.328) 
PEC —e(1.2-.32,27--32) 2 (1.52, 2.28 
PED (1.44.32 (0.1 ) cab go EE 
=(So 4.1) 


15.19 At -55°C , the junction dvop vises by (55425)2e (bow) 
Cuvvent iw R veduces by 30.1 ak = ON2mA 
Couvrent ww Ry veducec by Cou. = OtowA 
Cuvwent w R2 veduces by Cow k = O.le mA 

The net charge in base cuvvent is reduction b 

ONZ HOAO FONG = 0.38 Yen 2ibowA” to 2.29mA 

Aye ey. the junction “dvoe falls b (zs ~2s°)2=z00m\) 

Thus the cuwent tn the base vises by 
Ors + O25 + 0.20 = 0.445 from 2bomA to Z.o75wA 


1520 Atiess »4 = 3572.2 = 15-4 
Bt 252Ch wage 6444.6 = 24.6 
At \25°C 4 = 85/207 = 24.5 


(594 @ Low input (Figis.us) sTyy =(5-0.-0.2\%4 Ruieos ch 
S Power lost = 5(l-025) (= 5.1m 
High tneut (Fig 15.43 5 Total L= .o15 4 0.7342.60=3.34 mA 
J P ) 
Power lost = 5 (3.34) = [G-70 wW 


150? 38 mA fev 2nS every us = 30x 2/ho00 = -ObwA 
Equivalent powey = Sx 0.06 = O.3mW 


With Mwd Syate hiah ,Q5 ts cut off, Q4 conduc 


And Qa is cut off As well , Qi is Contvolled 
by the logic input. 
With Third State low \Qs conducts .Q6 Is cutoff Q. 
Conducts \-foveing Qy low. As well, Q\ conducts , Oo 
iscut of £ ond ~~ is Cut Off Since Qgand Quy ave 
both of f , the output is im. the high imped ance 
stare 


(1524) The emitter cuvwent is abould 4wA Ce 


which Vee ~ 0.795V. 


Koy Uae Wie als osc! enw PAL SEARO = 4.01 0 
my dard 
Foy AU rs) Vg SS N24 ‘ the cuwent se its between the 


Two ei ttes Lqually, For hail the cunent the 
junction Voltage dvops by Ve On 0:5) 219.3 ar 


Thus Te = S:20-129~.785-017 = YoamsA 
774 


Yor “Vp. =Vi4 = -\hhins ple = 220 —— - 85 = lon A 


To calculate Ve at Fust assume £eco and concentyate 
on the effect on Veg, of loading, For Up = Vee , the 
Cuwent Ro, x 40% = 2015 wh fo, which the 
output Maes by 2.015 (245) o- 0.494 V. Fov Vege of 
0.15 V, this Produces an outeut of -H94 -0.75 = ~.24y) 
fov which an emitter cuwent of 251-24 = 15.2 mA flows 
Fov 's.2wh J Vee = 6.75a,025 4uis.2 . 61818 . producing 


an out Put of -H44 —.88 =-1-31 and a Corres ponding 

kmitver Current of (2-00-13) Yoo = 13.8 wWA | Fov 

Ts cuvvent Vee = 0.75 4.0250, ise =o.RiLV-! | 
Now mcludiing Base cuwent effects anestimate of Ue 


becomes — (2.015 (ee, 4) \ 245 — 0.816 =—1s04y 


From Ex 15.24 We see that each transis tor 


Opevates at 4.03/2 ev 2.015 mA foe which 
ve = 2S /2.015 = WsaP e 


The covvespouding load “sistance 1s 245 Il!1(s0) = 23379 
foy which the Jann 1s See 72 (raha = 94.42 V/V 


Fol\ curing APPAl\mations Can be made ~ 


6 


Gaweut nm Re, =) his -O05 —~Cs2) = 4.204 WA 
Voltage No = O-4.2 (220) ee = b7Y fer which 


Me cuwent w Ry = 1674 = (20) = 652 mA 

Now fov 4.2mA, , Veg = O75 +0,025 , W2 =0.78bV 
and fov GSmA 4 Veg = O75 +0025 L, 6.sK =). Os7abV/ 

Thus accounting Loy Veg and A wUsic the cuvvent 
levels of the vst Ssvouiten 

Up = fo) (Gr (100, ) +b.5 ig, \220 ~ “746 = -LaV 

Fov Va (= —0. 39 Wash the Imevo ved Values of Ves, n@) 

The <uwent Rey ts ete eed 


‘ 774 
fov which the base of Q@3 fails to -4.49(225) =—O.98¢V 
tuith the utter of Qs at about—-988 —-75 = —1738v, 


Q3 eurttey Cuwent bein hit 2S) =F S2w 
mts -O50 
Q3 base cuvven y Dem 4 S-2/ 10) = sos; MA 


Qs Vea x 0.75 +.025 2, SA = oa V 


Thus VU = 0 ~.938 — Cosi Y(o.22) --190 ==LrqV f& 
Which the emitter cuwent of Qgis xh ~(-2).y4amp 


y 


and Veg PT OmSur 2s teen 4.2/\ ) = bey: Vv 
6 Up) at Oot Sraer —(4-2/\01 (0.220.766 = -174aV 


© Fe AUIS -O.38 , +he cuweut in (ON is UWUgqwmA atlas f 
Yen 228 (4a =" 5-56 Gud the cued i Gai 4.2MP\ 
fov which Ye3 = 25/4.2 = S.45_ 
Thus the Farwn of the Q2 Stage (Ss 50/(5.45 +50) = 0.84y 
And its MPpUr esis tance ‘$s (S50 45.95 yor) = SLS5I1N 
Thus the gan of the Op stage (5 220( Sbs1) log a 
229 + S65) Tor > eo7 
L~y) 
Thus the slope of the tvansfev Chiara ees air Up, = - 0.98 
© NS eee (o.Bay ) = 0234 V/V 
S/ Whew Qa s Tuvates Mee = O38 Vi Cao° ‘ 
Ve 12 (8:2 <0 3 (rag. +8070, 4226)) 2 ucainn, ome 
Ves = O75 *.025 L.(4.4164) =o.rdoVand 
Ap jc 822+ F79 Cenqit,) “Penag ta, Saueees VJ 


Peron s For Un low at Mace mite Ve =-1.24 and 


aPP VOX Imati Ves =0.55 - 


Tacit (Rhee oss —@S5.2)\ rage =) Hoe mh 
Gigs sire Chas + 0.75 —2(0.75)-C5.2)fi.98 = .635 WA 
Tes) = (-t2a (= S52) 64) Ven sGat ye 


Iso. = (cise SG 5.2))//s0 


Tot+a\ Covyvent 
Total Power 


1076 WA 


4.06 + -G4l 4.635 +2(.o7b) = 54am A, 
5.2(5.4a) = 29.6 ww 


(529 For the D, WW 2: String Assuming ©}. 4sV diode drops 
t The Curventy 15 (S.2- 2 (-075 (4.984 07) 8 


ar which Current the vo\*oge dvop of €ach junction 


yy 


wi\\ be os + -O25 LQ, -G28/, = -738V. The Cowespond- 
aay Vo age at the base £ Q will be 

ei IONS ( 901 + 4480 ) * Sw2) ~2(-738)) = — 0.574 J 
and hat at Ves wil be ig ucta neni 

= S04" S OM Ma sc to WO ce ata 
Cuvvent in R3 NST GSn2: —1.324 Y%6.) = -635 wA 
And Veg 2 o.75 +025 L.(63s4,) = .13qV wheres 
Ves = —.574 —-739 = -131V 


ENG el St ans) eats 
© Aone 0.9 (5) -3.5 = 


1.o 
6) Ao = 30 -O.1 (io) = 2.0 
NY =" O95) = Tom eee 


© Kove 4.0 - 0,1 (15) = 25 
Adios oafis) 1.6 as 20s 


ge ee 


CHAPTER ie PROBLEMS 


C ine Cette 
GED.8 - BL. Eg s: 
® base B ~~ be 
ae B = ae : 
mee i @ * \ HR oe 
3 ve E fie 
mae Vee/y Vec 
Hevocle. -) -Isle “=. O 
ay) 
Bee ("8 Vr, ) ~T5, (2 Me, -~® 


ae = Tf olen +7 ( (eh m aay 


@) Collec}ou +o _+ve Su eely + Vec = (Marge 5 Use = (Hare 


HO > Te = 1%. ae ri Tee as Vie/, 
~ “Fe ¢ 7 
a, 
®) Collectoy to the 


BC =O tate (lage  Te= T= Te+K 
Be mec Ge) mM. 
Big ge = Veen EAE aaa See Sei 0.49 < 100 KIO WV ©.s7) 


©) Cellectov vounded . Vace Vee 5 both) lage 
Eq@ SI, mera. ore. ef. Pi bs Geen 
ie VUge = Vy 2, Sea TA —= 250, 2 woe pees 
Ce+pR Is 


) Ceo lector Open 


oN 


Deseo , Tee Te=tT pee =Vec = (+) lavge 
e4O—> Ie = oe Bee ig Fe 8) ae hart 
Eq@ — Ic =o —_ evi /Ar = <_, ek A 
Nn 
Eq@ 18 = ie c OE woe 8E/Vr 


‘ Is \ ; 100 « ioe 0.99 @ iV 
¢ %¢ eee ant 0,.:( a mrrarrh ooe + Cosi} 


<______ 


lo™ 10.99/05) 


nifty a sits fc te 5 Vee Me cM lqe 
Te >, Ape r+ Tet a © 
Pier pte ets. 6 vr hae me DG) 

of (AA, -Ve eng + teh see” *Nq 


tate 
Pg=\0 


Pe =l00 


- 
Whence Upe - Vee = = Vy Rn Cs “i, “Yan i Vee by deta, 
1 — F/B 
Now eh = pees - 
R FPRe\ ¢ Reo 4 25 \ 
For fy = 2° feo, = 250, | 7 = eo \-> 12-6 mV 
Cc is 3/ 
(53) ea Comnections vevevsed: Ps =I10 4 6x = ayers 
RIE 8 Sebi V = 25h, a eee ess 19.94 wV 
Ce SAT 
\- '9/20 


Prod fv Bo =2 5 AE 7p ond the Avannstor 1s no longer sat, 


See 15.2 above or Eq 1.16) * 


° 26 
a = 254, (a+ As) = 21.9 mV 


shoes 


155 + Ploneste = KomA 
i f . Se = Ya. = O94 
LaGek— ~S ‘VED FE fer \ 
— N.7GmA ee 
Imp, | i 5 Xp = a 0.5 
NE tae fer 
IBA lal at 
lomR = 0.94 te te | =) 
\WinR = —O.5'p¢ tz} 


2x@)-© —> -12wA = -1-91 LpE —> (pe = |) 88KA 
From @) —> -0.88 mA= -O. Stoc be = aged 


Surce collector Open + 


0.99 (pe ; ; 
: \ loc = 0.99 bpe and 
i s 
ve 0.85 toe 
ImA = Ue ( -0.5 (0. a4) 
Ey whence 


+ 

Loe = -0.495 = 1.99 mA 

Simee the cuwent ipe veduces from Il By (Pis.s ) the 
Vo VF age veduces by Vari RRBE OR ay PV 


T2498 
(ms a) — seePIS.1d 


b) — seePiS.ic 


From Table IS, (nae e uw A wget oe 


20 to 30 <ov ves pond NG 
Ceca VONES row, 144 +o \46 4, 
r xn I6G- 14a mV 
Sa, * 65 -4O A 


to Tc of Yo sis tate 
Vesely shat - 


= 0.95 ohms 


Sv 
)roK ov Fo. the yevevse Connection - 
»)iook ie =e) Sha SSS } 
Ae =|00. | &e' = 0.94 
We= S=92:6 =o:4uqgun 
We 
&) Foy Romie |. ther (eal tee te ROA Gree Cee ave 
idenrscai Sey shat - aa Shes cc a Pole avn 
=Vec =06V 
b) ee RemIoG Kraul Sa huracons x, = a a O,0SmA 
ities P£oveed = at 


ase O.NY and fvom Eq PSatis 


\eegt = Vy Oa +(B¢ +\\/4e = 25% (: NI /ie0 | 
e ses ee | Sethe a hase } 


3.27m 


Veecar = Vr ty, Lt bArorea +1 Ven 


\— Phwced sobs 
Pe 209.5% PR=O3 4 FovNeeeay = oO: 
PA Le 
Wate ig fos == ees Fen ese g 
NN AGN/ 25S y 
Mex igatei> es | Se ie te oe 
gale rae 
[eka nes = 64.8 7 " 
V; V Seg Biyy RB ke = Ke sax 
Wy) eV Bey SG = Ve Fi 
, oO Phoned 7 [food Re 
= “YS eco med : : 
risa" 84.8 ( a Se Osis BOS 


ee | Smallest forced B = Ps 


OMS pao) 
0.64 (I.0- 


O79) 
as (@« + fae = 298) (Sec Piso ) 
1\-6f/Ae 
VO Way PSG fag Sea OM 6: St/ae ) 


—2980 + 7-Sb6/eRg ys '9S5S fee =0 
2499 Be = 156 PH /bR S MSSS 


fr Ca (soo(>. se) + Mass) /2q99 


Dsorv @ 
Vin =o75V. Vowmake Ay 


Vow wvust be wade o75 +0.4 = isl. For a fouout 


Of S \Cuvvent in 5 Yvesistors Re is sVou-Voe)/Re 
= Uh in corti =sSmA 
Requved Vee = 15 +S x10 a ie UBS yolts, 


This ‘Quoves Tae SCtovnd ovdey effe nt mevea aan 
ce on Vy) 


2 


ee ee fe Her = Sa 
= Teh Ss 


Conventional| No = 04 Ay = 0.25 
Witt, Ground Noe Ao = 0.3 AI 


= Lo =-o.4V ~ thew. 


se 


c 
G00 From Ex \S.\ \&v Vieesat = 0.2 4 
iim DAR Phoveeg = PE = 42-7- 
At the base , Vc * O-6 , moly ma Vn = 26 (0.45 k) +0.6=04V 
at +he Input. Thus fo Vor = Faia AG Ono SLOW 
Fov supply V ai PASE NEU yy ees trl CUS ciate wan MUN Jes Sw 
Assuming OF at hel Bees ue ee 2S 


y 


Vey —eyin] apeees 2? Nous = los 4 Veo. 
0.9 Sas 


Fov fanout of 5 and Noise 


Be = 50 » Re = 0.\ Nee = o.4 


margin Di=A0=0.7 


Ve Ry N/M os 8.1, (los + V/ 60.7 ) +0.7 
whence V= 9-2t 0,8 = 10.64 V 


For Le Cived 


Ts/e, Rene Be Ys e V8ES Nr 
en —Vies\/\_ By ee 
and’ Qo = Vee » + Ver. = NE Ke 


Fov fee sO \ the base -emtta voltage veduces by 97-8 mV 
when the tVan sistov Saturares - 


[516 Charge thar © Can Ylmove is C(v ~Vec ) 
CWT Vee) = 9 (Yo Nee — eee pees + ) 
sat tees “ee ie Bs(Vcc cy Vee sat Ver) 


(SAD t> %(¥2q) fo Bleed << 
\Ons =T5 (TP2/Te: ) Rich eae Me 
NowiiG\Eeo's tA while Deis o.se ws 
Ts a) lot A /0.25 mA) = Yons 


oe § ie Joos Tonore Tes /é 


SUT UM eh (ae yam 
Men = kom oe Viuis OS mA 
Gee io x10 \(%? f5 ) IGS, 


1519 As above but Ts 


Tg, - Mto-91 iy. 24 Sw 
Tei = (O-4-0ffy =O7m/A 
Xe ibs lo x 10°9( 9-3/o.7) = '33n5 


VOU avi tea Waal Moa iN A\ 


Ait) 26 C0) Ora8 i BAGN OMG! MiWOR ie UO gl epee. 
@OnG O2 O6F O80 1-05 9.45 0.25 


70°C O22) 0,5) OF Goss OL | OnSaison as 
is 3 
3 3 
(one Ysoxy Peer Tone eee 
pe O.2 my or SxS pF 


Ser v = F 
¥ (25 x10." V2sto +360)\='73 ns 
Now 14>) veach ON CN) eM Omi eal 2.8e /t 


t= WS hs 


fo 
S ivevtevs 3 lo tvansyhons Se 


pe cycle a+ IsSMH2 
Pyevane Opevating time 15 
Teme four = een as = G.7Mus 


SKID 
Wave fov ms Ok rhea Sgvavg 
Waves ©,.2 to 65 VY Uh a 
Slowev Vis ing edge 


—sohk of Time each = A f 
Power iy Satuvarion * 3 (359-2) = 131m | Vevage 


Ring Oscillator > Each stage satuvated ov Cut 
@ ’ opt 


In. curofl faded (30.7) = 6.33mW FTN mW 
64YO+tYSD 
Foy, 5s stoges rhe Avevage POwey = & 2h ie A 43.5 wW 


Fov S PF on each output , loss Ww negate t+vansrnom 
Sin he Switch. Ou positive tvausitouw Rhevgy comes 
Fvom the Supply : 

nla ‘Ls x10%) wee eve ave S&S tran sihons of (.6s-0.2) 

‘oy \.4USV Anrep rude 


\ <a W 
~ Sey GS |) SUR NS OSS lS RU ety 
Dynamic Powev BG Wa reser: researar 
“Total Power Be EPS he LARA ent a 
Static Powev Cave \ Gee Smears Yu of Pyevious , 
le 48.5 /y = 12, ww . Dynamic POwee Stmu § 


The same \f the Speed stays the same , but 
fveq ~ YRC veduces to 'A veducing AY wasare Powev 
40 63/4 = ui mw 


12 yh MMRDA Or le aa hue carat aad 
BETS No GE ih TH L 
le H off om Lu H 
4 i Stet eae at H 
gee a i: 8 ele «UI | L 
fex or 


(522 C=aAS+AR ,T=AG+ RB 
a @ 


Leve\ Leve\2 Levels Level 4 


ae =Q+8)(A+9) 


= AB+ AB=c 
A:8 tAB=c 
‘B A.8 2G +8)(B+8) 
=AB+AR= 
1 a C= AB+A8 


Note ‘hat each meludes the othe wa the output 
\nveviTey, A high Speed merged Version .exis}s 
mn which each of the fws+ 4 gates \S Pvs uided 
with an extra collector 7 and level 3-15 vephcated. 
Ty all cases level 4 is not essential, 


Options Lo oth, EXOR aud E Qu (most Coses exclude level 4) 


at Collectors * \wiectoys \eve\ Connyn ent 
6) Duvheave ig v i. v. ve\s G wm 
© &S akove 3 ar 
TI, vet One function 
Seq \euely ‘\ q ot Cheapest 
© dAvprcate ly 8 3 fastest 
4 collectoys 


Note 4@® need +0 add 2 collectors at level 2 to get both 
Outputs 


45.29 L wmieach of 4 fencats —e 4X torn) 5 


of © wphes 4T/G vequived at the base 
a Which is Suppled. Thus the highest level of 
fovced 2 13 2/3(P) = 0-674 


A Se: ig ai Wass 


Meee = Vr 1 +er) Be 


1— 66 /Be 
% 25 2. (1 +Um/ so) = 42.6 mV 
I—  W/s 
i Appel Wee = 

15.3 5 logic delays In are log) = 222 Wsec 

\ Vooi< delay = 222/5 = 44.4 nsec 
Power eee = \Pp) 
Powey = \x1to7* = 22.5 4W 

44.4 x1074 ieee ay 

Brey y  MERES) We 

For 0.8V Injectov 4 injector Cuwent = oe = 28 SA 
Total chip curvent = 1000 x 2R125 = 28.) mA 


Os <io = 


(5.39 Gate delay = = Sx, 


The \ast ~output of D settles 4 delays ov Sons 


afte, T goes Meqatwe- Smee Suvvents from Qs, 
whose input is “T, Ad Qu , whose iMpur is —D Combine 


Brean hae. seried jusr as the FE is Syggeved. 

“Whos the ald time ig nommaliy eevo.Dn Fact a 
slightly positive hold would ior neederl equal +o 
ture the Vaviab ye of \t-5u5 to guravant ee 


That QE opevating Slowly does vot find an 
gay \ 


ca In D’ pv opagated thro ugh a relatively 


Sei2. S Vis 


(Gu)T 4t5 
VS kek 


dete 4 21ST 


2 


ZASK Bee JUS 2\ e215 T= 5-1-6 (So VT 
as 2.) 4215S = S—Bl-6 7 
oe = R Q3 ig, = 2.9/9 3 46 = -0346 mA 
8 2 Ed 
5K (24\) T = Leb mA (md) 


Smallest Le = 4.5 mA , vequiving 45/50 = ‘OMA base Cuvent 


Base ovevdvive = 1766 - 04 — SVRg = 2°7/Re by Spee fcaton 
pas H4/pe = 2676 


Re = 4/1676 = 835 ohus 


See P15.33 soll, 


> b 2 
Se 2s T DS aLblee tr ov 5 1.6 (loo #1) 


= )5 =H6 T or ~leL6T 

eo us7sh =. 2.4 Oy NGS sae see 

The =) ee OCCSm T = -o177wA 
Tes <b+i)T = 26(.06¢3)ma o Ye, = 101(.0177) 
= lL72y mA = 1.788 mA 
Cuvvent faker b Rez O7/sk = O14 mA 
4 
Base Cuwentof O23 = 1-724 - 0.14 ov 1.788 -— 0.14 
= Lséy = 1.648 


Note thata veduction of 2 by 75Jo Produces a 
Cuwent veducrion of - 15788 —la2zy = .064 wW3.7% 
inle . The seusihuity of Le +o 2 ‘5 3-7 = -OS 
which 1s vevy low due” 40 feed bac’, Ras 


TO= Hons 
AS 5 sv 4.3V TKGsi26:2 nS) eo ~~ 5-00 
Z 2K d3z.ak Lage 
ao Pop ta nee 
ULE LON ST 


=a af 
Ber Guten Cp Oe v2)e he eT i Wy Lieve FO veach |.2V ts 


+= 65 us -t/ 
S.o —(s.0 -!2)e Misys 4 Hime to veach ¥.5V 15 
Ts Sia Ms 
Toth) o+o % 75 yis2 stAeae YS 6S + SI.) = 87-6 ws 
S-9-9 = .205 
Zo 
+5 “tos +-974 = -279 
i { —— 279 = +9583 = -22y 
525) 
You =-os dtu 
Thu = ée2= Sun 
po PAVE , 
a = 202 lor, roply Surventr ts 
Ws fe Z2oSs = 278 KA 
Sy 
Yon gh pa Las "loas KA 
2.9 Gok 
Ors Ss okay Cuv rent = -lO2S5 wA 
Powe S10, ) CUuvtantT =< WO2ST mA 
Pa ol ear 


puY unloacled 


PSD Veg =0.7 


Fov output high ana Jroundad 


To, $30 aD Ee es 


Vou = 5—500(5.4 x19 >) 


; ; = 2-3¥ 
Vas 2 Quine wet tiga hiuva ted ond he short cCwonrt 
Cuwent 16 S-4 MAL FQ. hah the curvent cau 


Yse tee Se, I = 8.6 mp ined, by S00 chs. 
S00 


Fov this Case [27 oR Sie when gh, 


Yo output low and any Sr Cesas Vien 25 


WE rtd aye yey: mre BCS 3o(+221) = 6.6 mA 
= 
“Vi AWA 0.13 PA eS aio As 
; t2mA 0,4u4aV M=zWVotvi 


O,4q = Vet 32.7(12)Io° 
Mo = 0.4q —+392 
G8wmV of fset 


il 


S-6KI oT 
Ari a 
—_ 


L 


Satuvation when ae ia 
wv Ls 0.4 (51) A ie 
Bolize)— hb x10? = 4-143 OC Curing Oy 


Ves S- 30 (4.163) -9-3-9.7 = 2-45 volts 


-(S— SONG eS = 0,4 
( (Ae ra 0.7-0.3 ( 


SG See srk gs ee 


Zork 
Ack eet 


il 


S - S00 (3 wo) =asV ae 


2o\. Seo = O.4uV , 
Pan ae ME sath 2A (wor satuvated) 

Be 3-1 
ay 4 2 Maximum output cuwent at 2.4 volts 


3mA 
Fov £750 the avalable outPut Cuwent is sh gut ly 


lavgev but limited by 500 ohms 
Yo opevate Vo at 2.0 volts 
Assume high 2 \ SB) ee) 


i VEaekie san s4 = eA 
LEK 


Ip: =\.0- 0.7 =0.3 wA 
Ter = 03x30 = 9 mA 
Rens ee 32h 1 = 8.7 mA 
Vey Ey iis 8.4(130) = 3.39 V 
ae Satuvatec } 
es) Sl ZOu /3, So 
Tex 2 OF - 9.70 t-0l mA 4 ome 
cece 
Lex = 3ol-o1) =-3 —» Average suse Tey = “Se SmA 
IRS) i oye "/35 = -833 
Te3 = 0.833 -0.7 =.\23 
Lez = 30( +133) = 3.995 —> Yet Tez = YuA 
ASS | = = RIS CN aN : 
Tez < 463Ys0 = 4.13 5 veg = /413 = GOSS 
Tez es B11 (31V30 =30°9 0) 55 Yeo = 25/9 =i2 tio 


Ley Se Gh A deine Be Viki Cl = 12,5 SL 5Yey Sehr = 6.2550 
Assume ho less 1, Q, ns Gary of Qee = (kil ee G.05) 


Gain of Qr¢ = ae “= 3.23.34 \K\\ 31 (6.05) 425, 8 cia 
Gan of Q = 3° (eee al +12-5) ss Berke ues 

Gary from input to output Vey; = -1 (0.85\(8:3u 4.26) = -16.7 
Comeave With “Qvoss Gan" = el = —-.R 


15.43 


tota\ Cuvvent power 
See P WSs sls Trput high s ©.278 mA L3q mw 


See Pts.34 5 Inout low; ON025 “Ss 


Bu Powe, 0.9m 


4 sae 

Lf Yo p)/gate \delay = Se = Y2nsec. 

Avevage Ppowey = St'7 = Il wW 
Total Power at lo Mix = 1).0o+0.4 = 1.6 wW 

At Bears stotal Powe a= 4) +2z(o.4) = 122 mW 
“Tox? wm pole Shovt eweuit Suvvrent = B= 0.7-0.7-0.3 
° : Oy 225.4 mA 

Owe loss wa sustamed Short 9 5(25-4)= (26.9 mW) 


Thevefou.e the fvaction of a cy cle fov which i+ xis ts 
ProwUde 1%mW is 2 = 0.9475 w 0.44 (so) =O47ns5 


; 126.4 100 
(545 5 (ie ar (5-13) A3s = 28-SuA 
text 130 Si 
iS (boo 
SUT J 2lob \ : 
Teoo mA is C2 SNe O17) ene Ray 
Iboo 1900 
28,53 72.0 


Bk te ue to 30 «1.8 = SU mA 
Mote What the UPPev Civemrt cau Provide 30.bmA while 


@ low \S Capa ble of SUWA, AM ss oe sShavt cient 
LOweut wall: be ogo.G mw. Re wath io Output of O3V 
The vesult ws the Same \f 6 Meveases to 100 


Wirt TVustate Meput aT O.2V 


> NPAT cuvrenT 
(See E 15.23) 15. 2X5 925 G7) 2 oe A 
qe 


[DAEY) Recs Cal pee meee 


A B C= AB4AB 
USing Fig is.4q with by Eh gle 
“Inputs AyBand AB LAY EN 
eal oatt 
Hive 
AB+AB 


= 5 Cee 2 S25 mA 
(fo oie ae - 


JXS 250) 
Tneut 
Vag), ee : 
; 0.2 “OO mA 
=a Qs i 
. Qe ES is S031 Soe 
cere Auies = god 60 B.5kKTH) 
NPY 
ipiae 0.4 ke An = 43/iag. 3° *O2Y = Ie. 
0.2 oa = = | 
$-0.9 = LWA 2800) Tes = Pol Snes 
2400 : 
QS re Input | Mmeut CuwenT = I.a\mA (our) 
Supply cuwent = 17) 4.1.20 +-024 = 2.93 mA 


then Ineut © WMPut cuwents 24 4 (4) 
Sveely Cuvvert]= 3.2) 4 S125 +.06 = 6-4YmMA 


MVaxcteucn Cuvvgant WwW short civeur tT, 


uss fov 2 = °° > Vee sat =o.2V 


Satrvated o.4 pioess = = 63.3 mA 
9 


as so 
oo 
[ eo Fov do % of ths (Ley Ar\= Pp) 
3 Ba Aor = Oval eo 0 ta BOC Be 
ne OP (Ss y —9t \p = 9.4 (685) 


satuvoted q (4.5 ep -0.2\¢ Sioa st 


us rp — zp -61.5 =0 


as + ORES IN Jo.2 teas (se )(eus) =e 3557 whence 2 a k= 
y men 


204.5) 
4 t T=@A¢ hy 5S ny 
, Stas MY ANS) 25 
iS.50 eas Unh\ Qe satuvates terns =e 
250 V : , 
ipa TL eT, we Nevsi(o.2sr) 
V Us i > me OAMA 4.976 MA) -£32] +5332 


0.5 |23.8 +672 +4738 
(OvnHanG +6401 wo 2 


In satuvation: 
Vaasa sg Coke 
Fev Peovced =—S (say ) =AE 
Veegay = Men 4 ew) fe 
i PE /Ae 
= iirtaem Pee Mas AN 
1 —- 19/20 
SUSY my & SOMV 
ov eons ASS AM Vee Sat = 0.700 aud Ve 


© .2-4 6.6 0.8 ‘Ie 
Sot (este) bate) 


Esar = oso V 


2 S00 V=0-05 4: V-059 =T'° =\swA = 2-OmA 
O10 .od Wie Bae 2 
V-0s +4+2V-).4 = 995 BV = 1.45+1.0 
Vietaa3 V=.8&q 


Sketdh above 


QS satuvates 
at 0.Y/50 = ImA 


At Ve =o 


T= S-0.3 -8-7 = 8omA 
oO 


1 
C= AB+AB = A+B + Aas 


A aa Ref 
Gah 


DI 


Ref 


Lea 3 Fig uve (65277) 2h) ee Sm, bas so VU, = Ve 


Cuwent splits equally + 


Me = (-24us5 M2) -ors = -b24 

Mg = V=220.)(2) - 9.75 = 1149 

Yat ‘en = WA. = M5 /g = 12-50 

ea = (*— V:24)/509 = 15.2 mA bs = (2-1-4 /oy = 1b. Daa 
Yeo = 25/\5.2 ET Sureoyle Tgcewet Weuan 

Load ov Qe = Zus I (191 )( 50 4),.64) = 234 


Load on Qn = 211 Ss 
Cee Rasy!) —2\\ yea a R25 
an vom $s V2) Ss Anicas \lieera SO4t(,S4 


ee ea aS 
PUA Ks NS 12,5 412.5 |]47q F7AtN*NS SO+I-bY 


= 8.99 


Signal propogetes at 7/3. Steed of hgh 


at 2/3 (40) “ov 20 CuH/ns 


Wive length Rov, = RL /25 nS one w or 2% return 
tee oo Ss SSS VAR Ce err 
SPD, J o £ 2 (5) hoes 
Fo, —0.8¢Voux Iv = 279-88 = 22-4 mR 
Foy -<\.7 Vout none ee et te YG A 
2 a 50 
Toro| Re pow, = (22.474 4.67) 50 = Zb.I5 mW 


Total Followe, power = (22.40.88 )4l4.g)(1-27 ) = 27.8mW 
Gate Power = YMA ¥ S.2V = 20.8 WwW 
“Teale rowdy. = 26:\5 +. 27-8 +eovw = 7471S w W 


4.24) = oie 5,2 42, )-Vy 


“907 +4.98 
Ame Vp =\V> =V 
1.24 =|-80| —-308V,+V 
64942 V = .484 
WL ees oats | 
Cuwent 1h diodes SPST a o.buS 
“Jo7 +4.98 essentially 
tn AVausistov = 5-2 =\-2% =. 440 The Same 
rae ar O.bur 


Whitsett Oot age at \mA = 4.107 -— 25 2, (-b42) 


= M8 Volts 
lp = Ble es -Vr)e 

a = Ae i ee 

0.8 = 4/2 (5 ~-V) 
Divide as = fisoV\ 

Ni s-V 

Say = cul Sauy 

whence V= | 
f= 2(0.8) = 0.) mA/ve 
Sot 


Case @: BKC qe ses 
For G, & Gu ) Triede plan 

2 as ae 
I= 2B (2-48 (o-V-Y-H-2) 


> \Y-2z= 8-V-\,-% ein 


> \= 5-a05(\tV) © 
Jer G6 and %, 
T= p[ (0-2-2 


= 6 [lo-V-2%-4¥2 | 
Assuming that SV, << 8 are 
shat ~2Vi << B-V, ave 


pinch £ of ye 


ViAKB we Corr 


cpp toxin at phe guano to Gse(): A, BKC jodned ee 


+10V 
Cy, = Ay, | For G0,,9, de Py ve ‘ is 
>V:\y © have tan niy 
Reid In Qd cesults an 3x3 B(V,-2) = (lo-V-Y-Y-2)* 
SVs VE aD | => 3(Vy-2)=(BV-Ve-V) 
For Q, and Qe we have > V,24:2-037(Vi+h) Ur= 4 
+ 8 CV, - ais P [ Go- 2V, in 5V,"] mec Cz) Pinch-eff 
whach Can he (tkimelad ca) id Soy @, axol @, we. ie ge V/203 
(Vee2) IOV write , i 
seme te Wf) ae p [Qo -a) 4-2 VP ]-B[lo-yeae ty 
(V,-2)" = /6 (5-V Bes 
pee (8-V) = 6-4) 
> VE = 40V triede . V~y. (8) 
Aa, pana er i NA cred Mine 
» is Ve i a a ornae , SobsKwrn ae V wm (8) jn (1) ives 
ee yee ALB joined Phar 0) < i ) 
Toga karucmn al Wike Ae 
Boge NG V. = 42-074 Y, 
I=2x 76 (V,-2) =48 (10-V-V-V,2) eves ane Gs 


> (\Y-2) =F CB-V-M-K)? Bane 


r ae wri he 
=> \Y=4:5-04 (V,+%) @) Gia ieee rm 


3x2 B(V-z)@= B[(ie-%-2) V- 2M" 


For Ve and Qs, 


: | har ens : : 
t= B [ Go-aVY-2\ = B[Go-4-V-ae + | 7 ee CY 2) = (8 Ve) V, a 


Rak yet ee y, um (74) fives 
V. © (VW) oVY¥=fry & ohuen 
iN (6 S, Pa ae) 8-V, V) ¢ 15 CV,-2)° = (8-\) whew) 


ForG,Gy and Oe we have 

= 2x3 6(V,-2)'= f [Uo-aV- £7") 

Si eee, (6) 
Saas fer Vy from (D innr @) gi 
0-4), (it 7 = 4.5-\h 


> Vee ee 
mV == O49V 


-V, 
0:4V, ae ‘a 4:5-\Vh 


Viewers (4.5-V) (8-Ye) (4a) 
Pre dys ne Ube Ne 
Sobeats (Aa) and (6) results an 


W-2)i = 20 (4:5-V4) (8-Ve) 
6-Y) 


=> Vix B9AV. 
V2 047V and Vi =0-93V 


5 \nvevtey Ving 4 © Volts 


tp = Cobb ns/pF)CL + 22 u5 
Fo Cu= SpFitp = 3.3 422 = 25.3 ug 
Osc- Peviod = lotp = 2535 
Fveq - = hay ees = 3.95 MY a2 


Charge tvansfewved from Io V Supply 15 
OR 


= So x10 > X10 = SoopC In 1025 
Supply Current = Soo xio "/io3 = OS mA at iKie 
ov OSA Hs of Ah ABE any freq vency 


28). mae Lo = 4/2 (V-Vy-Vy)= Ah (Vi -\4)* 


I 


0.125 On2er 
V-Vz -Vr =V2 (\V-Vr) 
Ve SONS qa ig 4a Ge) 
Io 2.4 ty va = 4.48 V 


whee ip = 25 /2(uug -2)* = +764 Ve AY 
eae N25 [2 (10-4.48-2)* = mY 
Yov voltages On either side of 4.43, the current 
IS defined by the deuce neavey Cutoff ,the othe 
opevating in the triode vegion 
fv example fev lowe 3V = to = S25 4 ( Vem Beg 2s 


IV > %& ty ockaeaa 
0.79 
Prppvox imate Cwrent as aN foy which Chavge 
| aa) cal . Sh ag 
IS & VY2.(0.77) x19 ~IKIO> = O-77 10S Ka 
Cunt at 1oMH2 = 2x 9-77 10 = !5-YuA 
loo ¥ 1074 
1.0 
0.5 
0. VE volts 
Q 190 “VT ws 


\ink will be low Stuce the h 
Channel device 8 the stronger 


The Covveunt wr)| be he prnchott 
Cuvwvent of the Pp channel 


Ups ba (Ves -Vr)~ = S/o (10-2) "= 4m 
(5.63 
Twa 
State 


‘i ei The Voltage of the common 


Fov Thad State high EQ 2s 


Qs Ou y Q\ off N Qs On y 
Qt Qs Oy. Qu off aud Q2 

-, On - Ths as Q5,Q8 ave 

A QA On QE.Q> opeates as 
A 8 F Con vdutional invev bev- 
Qy , Witt, Thed State low, Qits 


On, Qs Off | Qy on, QE 
off and thos 96,5 ave 
As Connected from their 
Supplies . That is +he 
Thivd state 5 established 


Cuarter 16 — Exercises 
Min. GV difference : 
ie. Tota\ Darr Line Capac- 
ee Io tee Gey ee Oe 
Tos en soit PF ov 3.06 PF 
; BAU yh Output at the sense 
amp fiee Cvouded by a 6 Volk Siqnal on the 
pee Nampa Oge Cel Mok See te\V- 46.5 mV 


3.06 +.0S5 
Let 


Stove chavge decays +o 1a 


ics OSPF Inrmal value im 2Mmsec 
-3 Q 
PGlstewere. 22 Re 22h err tot iohes 


OS xlo a= 
Vhos the smallest allowed shunt 1s Yo gigohms 
For cuwent Aischavge : Voltage change = S(i- Ye)=3.4Y 
CV= TV —~ Maximum Cuwet = SYr= OS x19 3.16 


-= 


ZSXto7 ° 


eG Say ie al 
(Gey) ot Ls fp Wes —Vy ) Ups = Ye Ups | 


B='/TB-)as - Va(es\*] = by w/v 
For Q3: TD =4% Wes-Vr)* 
2x 10 FE tl sO et ieee =222 mA /yV > 
Tov Gas: eI Yi> Ay | = Were nee 2.24 A 


©) Q3 opevates bath, Ups =ImA wn) ity euntevs +he 
tvode veqron whee Woe SUGs -V_ ov Vpsg 11-0.5-1= 9,5V 
afte which ips =fs((ves-\- ) V3 - Peo ely toy 
fz S22.2 pA Ue. = w.5 ~VYre= \ 15 : 
Eps tase. “is? 9.5.Uos = 0,5 Ups ) , For Ups = 4.5V, 
Wee '2-9.5 = 25V. The time taker f Br» nse Pow 
0.5 + 2-5V 19 TECV/E = su’? (25-05)/\ x19 22 1Ons 
Fou the Change LE ck 2.5 VV +0 Gore -fI2 ov 19.8 V x Ws Vanes 
fyow oo an IZ Voce Ag Saiaan ae time taken 
Sao ie ay ih ao = bi ip pee Se a Sas ay Us x 63.9 Ms 


5 12 *OS20Vp, - oS 
Sen Ra 8.34) Thus the o togo%ovse time ts C3.9+ 10 = 714 NS 


Chip cuwent = "S&S = 30mwA 


Cuvven* per cel\ = BOG 384 = 1-83 KAR 
Rx SJ .334Rr ee es ah Megohins tov A 5Srxolt Supe 
Rie 2) (1G 384 V/50 xs * = \.caaMsu fora z2volt standby 
Avalable output cuvent = (S-L5)/AR 2 
Is 2S/2973 = 284A the novma) Ae Siguy 
ov 3.5 / 1093 = 3.20 wA ie mvt standby desiqn 
The lavgest cuwent apphed to Q/Q. ua R swith & 
volts aud \.0q PASI es 5/\.0F = 4-579 wrA 
Fo, D, Avrc\ ‘OmV x Reg = A((ves - V0 — Up. ) 


o H.sawA = 2((s-1 Yioxis’) —(19*% 15") 7/2) 


Ov - =4.5Q “1S 40 «157 = SWS maA/V > 
Fov osV a 
see Hite ((s-1 (0.5) 2a(S.5") 72. ) = 0.2Ib “A 


‘s the greatest peossble simk current, 


Vv Le 
| 907, 9975. OV 40.0.9 V \1e O-8Vin 1oOnsec. 
jews $076 --0.5 Vto0.aV ,1e@ O.4V , takes 
Sais fa (O-4Yfo.go)io0 = SO “sec 


loQns fo a Savings of SOnsec 


Wit, ay Awpl fiev ; aA 2070 Full signal Sepavation Veg uves 
only a 107% “full scale separation on each lead. , 
taking (0.1/0.8) too = 12.5 nsec NORE a teat oe 
Saving of 31-5 wnsec.. 


(6.6) the Imitial chavge 1S Go , lost ath Jus 


That is dq/ye = — Sood x 
Thus qQ= qetrt Pie aes Ae fm of tte - tae eo: ly 


Q= 0.59, whe, oP os ov Mog. < 0.693 
That is chovge is half lost 5 t= 69-34 psec. 
The ime to veach d% is tz wofg Ln) by 


Which -+ime a complete memory of tages taku, 
VY£ each 8 required: That is “Se iz Io/p 2100/4 ) 


o f.  rr) 


CURPAPR NG eos b 


Memory Z56X4 AKXI IKx4 4Kxt YKxH AGKx1 GUKx} 
Wovds addyessed 256 ik: CNR Ae toe HK Gite 


Pddvess bits veqd 8 ISo. Oana Iz \Y {6 


Avvay Is 2” by Pe to Pouide 2% coils 


SyustemA: “Cost 15 2) eee Gn aS 
Minimum when Yk =o Se ee ids | a 
when AS = Saas ov Ke Wake >1e Kes N 
System B Pr iGest is. 2k (te}+ one (0.75) = (Cr 
Minimum when Wafy=o — (.5)2*2n2 40.15)2hn2=0 
Wet? 2M rae, oy a eeu Tey ate 


LET 


Lowest Cos} Systems ; & a 
ya | Lauyarayiee AU Sy) fe with cost (2-0)z 2 
Nodd 2° x 288 un cost 24ers )= (10 Me 
Bie Nicad 


N 
N even 


2 x22 with cost 22 (ls)+ 22 (0-15) 


= (1.50}2"!2 
Dystem A: Nee Cost = | 


NstewB: Rows = 15 
\. Cost = t= 2) Col Cost =0.15+1.25=2.0 
Cost C, = o*(.) N reg 3) 


Cae His) eo" (2) 
Diffeventiarhing PAW \/ ere. hee aie | oe ( Zils) sz (>) 
K | 


i 
{ 


=N-K +| ' K + log (is) = N-K + | 

Z2k= Nt+I \oy 2K =N + aus <2 

BEE 27) +2%(2) =3248 =4O  2°(t5) poe Venue 
uy 24C\ + 2a) = IbeiG = 32 24 (us) +27 (2) = Z44lb= Yo 
3x4 BUY e ga)= 8432 = 4: 2*(isytale\= QHewy 
= xh b+ 8 = 104 
6x2 CHAE ie ie ae uy 
su3 ibaa): 24 432= 56 

eat 16 +32 = 48 w 
ce 8 ahy = 72) 12 +G4=76 


Lay Be 
aR AV= 8V AvV=-sV 
PtSi Gece eis) «) Biya 


Vase 1 sb uerc) sean 


Gan 2 Pel 7 2 SS. 2e (= Sa, 


IGK RAM cycle tyansitions ( ) : By low (o\ 5 WATE 


igh (o) , RAS (2) » Po —A5 yYWeach max , uxb= 
. (24) 5 CAs (2) x Dout (2) fora +otoa)\ ef K=30 
\f READ state Is contmucus, 
Fov K 4tvausitions , Evyev =k VON We K/, (soi Ss * 
oy 625 K x 1 Bev c Sp Fov a 325 usec cycle 
Pewer is (Gzsk x [O23 20 x 1°) = fas K ww 
For 30 tvansitons \the Cvrervay er ape le Ns 30 (625) = 18750 p J 
and the power \S LEIS K BOQ” Oo SRS ANN) 


oe, requived +o opevate ar Full speed 


\s (S00 -190) = Yoo WW 

Power used is V2 CV ry) =4C s*/(200 x15 Vy) = 400 x10" 
Wiates, 6S Yoo x19 (2/25 )(200n15 Yu = \booeF 

Lf vinstead ail internal siqanals were jo uot s , the 
4D +a\ equivalent CaPacntance would be ( '2)* of Ikon 
OV HOOP ooiyas Gad higher voltages one can 
Use Swalile. Koprcitances | Swallev Counvre cetions aud 
Aveate Packing density 


~4 
(67) Tora Time fo. vefvesl, = EBB x 320 x16 


Which €xpvessed as a GB of awe 'S 
; Vd (320 x IS V2 nig (100) = 2.05 ~ 


Onsec wP 250s MP 
(6.8) Rom KY) 250 


Ve Yo OVS Coy Access 


in YT sec. 


To veduce cost: slow 


Rom 100 250 ROM 4c) Ssolie. 
BR IS 5S, Te mcrae speeds ord 
Foo ns Iteouns ue BAM +o 250us. 


2 - oe with Cost oe (1.540.78)= (isda 


“Thus at jookthe 
Genevat| 


4Y Mis 600 mW 
ZMAz Hoomw 
2mn2 ZOD WW —= lOOMW/MHz and 


200 MW Static Powev 
chip Aissipates ZOO + 0.1 (100) =2Zip mW 


Ao-Ab Yall ern 


Ti 
@ 


Dout . 
net ' 1SO0 ns | 
(Histate ) 

Quy L ati ae SOS eens 3 
pe se * Ba Yes 7 Ae ee 
anti: ae ven Rote) BN eS ee eee 
(o) ian Ens OS = tot 
Pia caus 

—- 4 ® OO © 
Cis @— | 72 
® @ 


16.12 Aftey A has been high fov atime the voltage 
on C \6 4 \\ volts , 
Fov Q > A =4+6 C= +0OKnS < Te \.OmA , Mode VEGI 
E = ACs eyes —V2ps" ) 
Vuio? = (Ce2) oe ‘elo.s)* 
oy Ae a Ra RT aN Ors VSS. ae 
Fov Q3. PinchoF€ a 
Lo= AA ( Ves-Ne) 4 
(x10% =BA (M-os =) 
Ov 2 = 22.2 4A/V™ 


Foy no load on BC when A falls : 


Bvises to +12V 
and (e Lae Ke +1) 


by ('2-0.5) +> 22a5V 


Fox a 0.1 mA load to gvound at B at A falle: Qs will 
be 14 tly tviode VeqioN * 


1908 xX to” ee ee ae xia” °(( 1-O.5 — 1 \ps = fa Mo5* ) 
OV WAMA 100 = 22.2 (4.5)Vp, —N ZU 

Ov Cee —'88u,, 47.93 = 0 

whence Re ae Oe WV) 


> 


Thos Cwses to Ws V werk a 0.1 mA lNood. 


Fo, A pR ar Cl vand ateV tversiently 5 © changes by 
Rp Wat Mee SEES fo B drauguey by IPlOsS> Sse ee 
Thes <*/Cigsy) = Tis =-609 
whence Cg = “LS6 pe 

+12 
16/3 The transistor w>\! gp ae 
: Obyicusly be raking at 
jn the tried Ce gion , Hine 
ees 2 +5V 4 
Gia wwe i 12-V-) (S- ——= 
t-cge B [e2-7-9 Z 


-4 So] Vr? Coa 
= B(5-v) [ W-7-25+05v] a: 


- +B(5-¥) UT-v) Es 


y P= AsBE = zoo + looL ww fo CuMhz 


a 


lep S-Us Ve ,ie Ut S-u, 
than, gi! AU, 


Bee Oe 
ad at U=OV, U\=5V, and at are 3V, Uz 2V. 
oe ae = 184, (12+) 
Be ge - ted 
hes -tuiiV, 
~) y 
2 
As Bh dv; 
2C ae ik a ed 
or tan = ib [| Rx + 4F)| 
\+ 
ei Q = = 0-016 


=i 
Fe ain > 20 ns? , ard C= O-\ can we fro 


Bo be 


& 9-06 K2KOVKIO 
Pee rs! 


0-6 KA/Ve . 


1614 NEES tC, toxio* x10” y 0.02pPF 


0.5 


for Samal qvowth 16 chavactevized 
\Qa 4 4 Ais —+ ms 
v AE = ¥e Ope oy 
Sj -lpok whee —R, = Cook yom) = -lolk 

O,29F ag 2 e) rok +10) 

Av L/ Ma\siane Goes oe Ke RT 
Vk = Tle —> mha\sloee ROC v eq 
we Kas IO\ XIo* Xtoy10* eel 

t { Ging 
Now lLoje ik when etls = rc GEG kek [+ = 2.29 
mia 
0 A tar Fo | Req (a Mir 72 (10) igihe 0,2 x 19 ) 
= “O33 -ns: 


=e) 
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